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Tsvet' s  chromatographic  method  [ll  Is  widely  used  at  the  present  time  both 
In  scientific  research  and  In  a  number  of  branches  of  Industry  It  Is  of 

particular  Importarxe  In  analytical  chemistry  (5-lOj-  Ve  may  mention,  c.g. 

the  chromatographic  separation  of  aluminum  from  zinc  and  Iron,  of  arsenic 
from  tin  and  antimony,  the  separatlcn  of  metals  In  the  presence  of  complex - 
forming  conjounds  (separation  of  bismuth  from  copper  and  lead,  and  of  tin 
from  antimony)^  the  determination  of  small  amounts  of  sulfur,  phosphorus  and 
arsenic  In  nickel  and  copper.  The  determination  of  colybdenua  In  ferrc- 
molybdenum  with  the  help  of  sulfonated  coal  Is  of  great  Interest  [10],  The 
chromatographic  dete.'talnatlon  of  copper  and  iron  In  ceramic  melts  Is  of  great 
Importance. 

Illustrative  of  the  Importance  of  the  chrccatographlc  method  for  analytical 
chemists  Is  the  extraordinary  Interest  which  the  report  read  by  7.  H.  Lenska 
on  chromatography  at  the  Conference  on  Classical  Methods  of  Chemical  Analysis^/ 
evoked.  . 

The  simplest  problems  cf  chromatographic  ar.alysl6  (e.g.  the  separation  of 
components  la  the  anionic  font  from  a  mixture  of  cations)  can  be  solved  In 
practice  by  means  of  any  Ion  exchange  material.  Eut  more  complicated  problems 
(e.g.,  separation  of  a  mixture  of  cations  vhlch  possess  similar  properties, etc.), 
can  only  be  solved  by  the  correct  choice  of  all  the  experimental  variables, 
particularly  of  the  lon-excharge  resin. 

D-arlng  the  post-var  years  a  number  of  institutes  and  enterprises  in  our 
country  have  achieved  considerable  success  in  the  production  of  high-quality 
Ion-exchange  reslrs.  Nevertheless  as  vas  demonstrated  at  the  conference 
mer*loced  above,  the  overwhelming  majority  of  analytical  chemists  are  totally 
unacquainted  with  the  brands  of  Ion-exchange  resins  available  and  their  char¬ 
acteristics.  The  present  article  ts  an  attempt  to  fill  the  gap  to  some  extent, 
and  to  acquaint  a  wide  circle  of  analysts  with  the  fundamental  properties  of 
cationites  and  anionites^'  at  our  dl6pc«ial  In  comperlscn  with  foreign  brands. 

Synthetic  resins  used  for  Ionic  exchange  purposes  in  their  structure  and 

The  conference  vas  held  on  the  lU-17th  of  November,  1951»  lii  Moscow. 

In  our  work  factory  produced  Icn-excbange  resins  were  used  as  well  as  thoW- 
developed  and  prepared  In  the  Mendeleev  MKhTI.  The  authors  wish  to  express  . 
their  gratitude  to  I.  P.  Losev  and  A.  B.  Davankov  for  a  gift  of  samples  and  for 
•Ir  close  cooperation  In  the  work.  (MKhTI  s  Moscow  Chem.-Tech.  Inst.). 
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chealcal  composition  ore  very  slr.llor  to  those  synthetic  resins  used  Industrially 
as  plastics,  and  are  obtained  In  a  similar  fashion  by  condensation  and  polymeri¬ 
zation  [11].  According  to  our  result  on  the  elemental  analysis  of  Ion  exchange 
resins  of  foreign  manufacture  the  American  cationite  Amberllte  IK-120  Is  prepared 
by  po l^-ae rl 23 1 Ion, while  the  German  Vofatlt  Is  a  condensation  product  of  phenol 
and  formaldehyde.  Preference  should  be  given  to  polymerization  Ion  exchange 
resins  because  of  their  greater  chemical  stability  and  because  of  tlie  possibility 
of  preparing  unlfunct lonal  cationites  by  polymerization, 

• 

There  are  a  number  of  requirements  for  resins  used  for  the  preparation  of 
plastics  and  Ion  exchange  purposes  which  are  Identical.  Firstly  a  high  mechanical 
stability,  insolubility  in  water  and  the  usual  organic  solvents,  and  low  tendency 
to  swell.  Mechanical  stability  and  Insolubility  can  be  attained  by  a  high  degree 
of  condensation  or  polymerization  and  by  the  formation  of  a  net-llke  three-dimen¬ 
sional  structure  for  the  i>olyaer. 

In  the  production  of  resins  to  be  used  as  plastics,  all  technological 
processes  ore  directed  to  making  a  chemically  Inactive  product.  In  the  pro¬ 
duction  of  Ion  exchange  resins  on  the  other  hand  It  Is  endeavored  to  give  them 
a  more  active  character. 

In  accordance  with  their  chemical  nature  all  synthetic  exchange  resins  used 
In  practi  ion  exchange  can  be  divided  into  two  groups.  The  first  group 

comprises  resins  which  have  acidic  properties  and  can  be  used  for  the  ex¬ 

change  of  cations-  cationites.  Vhlle  to  the  second  group  belong  those  resins 
which  have  basic  properties  and  can  be  used  for  the  exchange  of  anions  —  anlonltea. 
Cationites  usually  contain  the  active  groups: -SO3H;  — CS2SO3H;  -COOH,  phenolic 
groups  “OH,  etc.  The  ion-exchange  jjropertles  of  anionites  are  determined  by  the 
presence  of  amine  and  Inlne  groups. 

•The  processes  of  exchange  and  regeneration  of  Ion-exchange  resins  are 
described  by  the  following  reactions: 

Cationite:  3R?Ia  ♦  FeCl^  ,:r=t  B3Fe  ♦  JKaCl  (exchange) 

E3a  4-  ECl  RH  *  NaCl  (regeneration) 

Anionite:  2RC1  +  ^2804  R2SO4  ♦  ECl  (exchange) 

RCl  4>  EaOH  ROH  ♦  KaCl  (regeneration) 

xxrio,  '  considering  the  characteristic  properties  of  lon-exchange  resins, 
which  depend  on  their  nature,  ve  should  like  to  point  out  the  desirable  features 
of  lon-exchange  resins  from  the  point  of  view  of  chromatographic  analysis. 

In  the  production  of  lon-exchange  resins,  particles  of  both  spherical  forms 
and  other  forma  not  so  desirable  nay  be  prepared.  From  the  standpoint  of  chroma¬ 
tographic  analysis  there  Is  no  doubt  that  spherical  particles  are  the  most 
desirable,  since  they  ensure  close  and  even  packing  of  the  lon-exchange  resin 
in  a  column,  which  In  turn  leadsto- a  fuller  use  of  the  exchange  capacity  as  a 
result  of  the  favorable  hydrodynamlcal  conditions.  The  extent  to  which  the  lon- 
exchange  resin  vill  be  used  will  also  be  greater  the  closer  to  equilibrium  the 
operating  conditions  of  the  column. 

The  kinetics  of  the  lon-exchange  process  In  the  overwhelming  majority  cf 
cases  Is  determined  by  the  diffusion  of  the  Ions  to  the  grain  surfaces  and  inside 
them.  Tie  smaller  the  grain  size,  the  faster  la  the  equilibrium  distribution  of 
the  ions  between  solution  and  the  lon-exchange  resin  achieved,  l.e,  the  faster 
the  exchange  process.  In  this  connection  the  resistance  of  the  layer  la  a 
limiting  factor,  which  Increasea  with  decreasing  grain  size. 

It  Is  sometimes  stated  that  a.  decrease  In  grain  size  leads  to  an  increase  In 
the  static  exchange  capacity.  This  la  incorrect,  since  lon-exchange  resins  have 
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a  porous  structure.  As  proof  of  the  poroalty  of  Ion-exchange  resins  ve  quote 
the  experimental  results  In  Table  1  vhere  It  la  shown  tliat  the  static  capacity 
of  one  of  the  Vofatlt  samples  Is  Independent  of  the  grain  size.  It  Is  obvious 
that  the  Increase  In  the  external  surface  as  a  result  of  grinding  of  the  grains 
Is  practically  negligible  In  comparison  with  the  total  surface  of  the  porous 
Ion-exchange  resin. 

Of  the  properties  which  depend  on  the  nature  of  the  Ion-exchange  resin, 
we  have  considered  In  the  present  article;,  specific  gravity,  extent  of  swelling, 
static  exchange  capacity,  and  the  potentlometrlc  titration  curves  of  the  Ion-ex¬ 
change  resins. 

A  knowledge  of  these  fundamental  characteristics 
will  enable  a  rational  choice  ♦o  be  made  of  Ion-exchange 
resins  for  some  of  the  actual  problems  which  confront 
analytical  chemists. 

Before  starting  to  *^st  these  samples  they  were 
all  treated  In  accordance  with  the  testing  methods 
for  lon^exchange  resins  for  confirmation  of  their 
quality  according  to  All-Union  State  Standard  (5695-52). 

Cationites  were  purified  from  mlr^ral  contaminants 
and  converted  into  the  hydrogen  fom  by  treating  them 
with  2S  HCl,  followed  by  washing  with  distilled  water 
till  no  reaction  for  chloride  Is  given.  Anionites  were 
treated,  first  with  3  N  HCl  as  for  the  cationites^  and 
then  for  conversion  Into  the  hydroxyl  fora  with 
KaOH  solution,  followed  by  washing  free  from  excess  alkali  with  distilled  water. 

It  should  be  noted  that  it  is  sometimes  recommended  that  anionites  may  be 
converted  into  the  hydroxyl  fora  by  treatment  with  55»  sodium  bicarbonate  (pH'^S). 
If  such  a  treatment  Is  given,  strongly  basic  anionites  may  be  converted  into  the 
bicarbonate  fora,  and  as  our  experimental  results  show  (see  Fig. 6)  even  weakly 
basic  anionites  are  not  completely  converted  into  the  hydroxyl  fora  by  the  bi¬ 
carbonate. 

All  tests  were  conducted  with  alr-drled  lonrexchange  resins. 

It  Is  necessary  to  pay  special  attention  to  the  removal  of  mineral  contami¬ 
nation  from  Ion-exchange  resins.  According  to  GOSTy  a  solution  of  potassium 
thiocyanate  cay  be  used  for  checking  the  removal  of  mineral  contaminants,  since 
Iron  Is  the  most  likely  contaminant  as  the  result  of  the  use  of  apparatus  made 
of  that  metal  for  manufacturing  the  resins.  In  conducting  an  analysis  of  a 
definite  mixture  of  elements  It  must  be  checked  beforehand  that  these  elements 
are  absent  In  the  resin  to  be  used.  In  addition.  It  should  be  borne  In  mind  that 
the  resin  ml^t  contain  some  of  the  original  unreacted  organic  component^  which 
might  possess  reducing  properties.  In  some  cases, where  the  chemical  stability 
of  the  resin  Is  insufficient,  some  of  the  organic  material  might  be  transferred 
Into  the  filtrate. 


The  Physical  Properties  of  Ion-Exchange  Resins 


According  to  GOST  methods  of  testing  ion-exchange  resins,  the  following 
physical-mechanical  properties  are  determined:  moisture  content,  specific 
gravity  (of  the  granular  dry  material,  l.e.  the  apparent  specific  gravity), 
extent  of  swelling  in  water,  mechanical  stability,  and  granular  composition. 


The  moisture  content  of  an  Ion-exchange  resin,  which  depends  on  the  relative 
humidity  of  the  air,  is  not  of  fundamental  Importance  for  the  analytical  applica¬ 
tions  of  cationites  or  anionites,  so  that  no  figures  on  the  moisture  content  are 

GOST  -  All-Union  State  Standard. 
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given  In  the  present  paper.  Mochiinlcal  stability, vhile  Important  for  Industrial 
applications  of  Ion-exchange  resln^  is  of  no  Interest  for  analytical  chemists. 

The  granular  composition  of  an  lon-excliange  resin  produced  Industrially  la 
not  Important  in  th£  application  of  Ion-exchange  resins  for  analytical  purposes, 
since  according  to  what  has  been  said  above  very  small  grains  should  be  chosen. 

Thus  for  technical  purposes,  grains  of  Esj^tlte-l  whose  diameter  is  less  than 
0,5  sa  are  regarded  as  waste  products;  at  the  same  time  fractions  less  than  0,1» 

0.2  ma  are  quite  often  used.  In  the  present  article  therefore  only  results  on 
the  apparent  specific  gravity  and  the  relative  extent  of  swelling  are  given. 

These  determinations  were  made  according  to  GOST  In  measuring  cylinders  vltb 

samples  of  ca.lO  g.  Since  lon-exch*ange  resins  are  used  In  other  solvents  as 

veil  as  water  for  analytical  purposes,  results  for  extent  of  swelling  are  given  • 

la  water,  N  KCl,  bencene  and  butyl  alcohol. 

The  true  specific  gravity  of  an  ion-exchange  resin  was  determined  as  follows.  1 

A  kaova  weight  of  the  resin  was  placed  In  a  weighed  .pycnometer..  The  resin  was  j 

covered’  with  benzene  and  the  py’cnometer  rewelghed.  The  difference  in  weights 
gives  the  weight  of  benzene.  The  volume  of  benzene  was  determined  from  Its 
specific  gravity  at  the  temperature  of  the  experiment.  From  the  difference 
la  volume  of  the  pycnometer  and  th^e  benzene  the  volume  of  the  resin  was  deter¬ 
mined.  By  dividing  the  weight  of  lon-exchjacge  resin  by  Its  volume  the  true 
specific  gravity  was  determined. 

It  Is  natural  that  the  degree  of  separation  attained  In  a  chromatographic 
experiment  is  greater,  the  greater  the  exchange  capacity  of  the  resin  in  the 
column.  For  a  given  static  capacity  of  an  unit  weight  of  an  Ion-exchange  resin, 
the  exchange  capacity  of  the  resin  In  the  column  Is  greater,  the  greater  the  appar¬ 
ent  specific  gravity  of  the  resin  and  the  smaller  its  relative  extent  of  swelling. 

A  knowled^.of  this  latter’ quality  is. also  ^f  greap  Impoctance,  "because  the 
capacity  of  an  ion-exchange  resin  (in.  the  absence  of  complex  forming  compounds) 
is  higher,  the  lover  *lts  extent  of  swelling,  since  in  this  case  separation  is 
connected  with  hydration  of  the  ions  Il2);  in  the  case  of  a  strongly  swollen  ion- 
exchange  resin,  ions  of  different  degrees  of  hydration  will  be  adsorbed  by  the 
resin  to  practically  the  same  extent;  on  the  other  hand,  in  the  case  of  a  polymer 
with  a  stable  structure  only  the  non-hydrated  ions  will  be  sorbed,  and  differ¬ 
ences  in  the  energy' of  hydration  will  lead  to  c  separation  of  the  mixture  being 
analyzed  into  its  components. 

Experimental  results  on  the  specific  gravity  and  relative  degree  of  swelling 
of  the  catlonltee  examined  are  given  in  Table  2. 

On  the  basis  of  these  results  the  following  conclusions  can  be  drawn: 

1.  The  degree  of  swelling  depends  essehtlally  on  the  nature  of  the  solvent. 

Maximum  swelling  occurs  in  non-polar  solvents  such  as  benzene.  On  the  other 
hand  the  swelling  in  butyl  alcohol  is  particularly  hl£^. 

2.  The  ion-exchange  resins  3DV-1,  SDV-2,  KN,  KM,  Dovex-50  and  Aaberllte 
3R-120  swell  lese  in  N  KCl  than  in  water;  Espatlte-l,  SBS,  Amberllte  IRC-50  and 
Vofatlt  P  and  C  swell  more  in  KCl  than  in  water.  Swelling  of  sulfonated  coal 
in  water  and  K  KCl  is  the  same,  naturally  the  Increase  in  volume  of  an  ion- 
exchange  realn  in  a  solution  of  KCl  depends  not  only  on  the  swelling  in  the  med¬ 
ium  but  also  on  the  partial  conversion  of  the  cationite  into  the  potasslm  form. 

3.  For  separating  mixtures  In  the  absence  of  complex -forming  compounds  the 
most  suitable  resin, according  to  it  relative  degree  of  swelling,  is  SBS,  • 
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TABLE  2 


Designation 

Relative 

degree  of 

swell  Ing.'J 

Water 

m  KCl 

lienzene 

Butyl 

alcohol 

Apparent 

True 

Espatlte-1  .... 

14 

50 

0 

62 

0.74 

1.33 

SBS . 

0 

14 

8 

5U 

0.57 

1.29 

SDV-1  . 

190 

119 

- 

- 

0.65 

- 

SDV-2  . 

155 

70 

- 

- 

0.50 

- 

KH . 

25 

22 

— 

— 

0.40 

- 

KM . 

108 

85 

- 

- 

0.48 

- 

Sulfonated  coal  . 

53 

55 

- 

- 

0.67 

- 

Dowex-50  . 

24 

16 

0 

15 

0.80 

1.52 

Aaberllte  IR-120  . 

26 

18 

0 

17 

0.71 

1.29 

Ajaberllte  IRC-50  . 

56 

62 

4 

62 

0.70 

1.31 

Vofatlt  P . 

12 

17 

4 

50 

0.69 

1.51 

Vofatlt  C  . 

12 

4l 

4 

40 

0.83 

1.55 

U,  The  arparent  specific  gravity  of  the  cationites  lies  vlthln  the  range 
0.i»0-0.83  s/car.  The  low  appare  ',t  specific  gravities  of  S3S  and  KH  are  to  some 
extent  compensated  by  their  relative  degrees  of  swelling. 

5.  The  true  specific  gravity  is  practically  the  sane  for  all  the  catlonitea 

Results  for  the  physical  properties  of  anionites  are  given  In  Table  3. 


TABLE  3 


Designation 

Relative  degree  of  swelling,^  ' 

Water 

III  KCl 

Benzene 

Apparent 

True 

MN . . 

40 

25 

... 

0.63 

• 

TH . 

1 

6 

— 

0.34 

- 

23 

29 

— 

0.25 

— 

^WG-l . ' 

24 

23 

0 

0.80 

1.455 

N  ........ 

•  21 

18 

5 

0.52 

1.410 

VS . .  . 

27 

16 

0 

0.34 

1.546 

TM . 

12 

15 

4 

•  0.80 

1.492 

Vofatlt  E  .... 

44 

51 

— 

0.80 

1.485 

Wofatit  M  .  .  .  . 

26 

25 

5 

0.76 

1.447 

Amber llte  IR-4b  . 

4l 

1  33 

0 

0.64 

1.276 

Aaberllte  IRA-400. 

4l 

31 

6 

0.68 

1.194 

Froa  Table  3  it  can  be  seen  that  the  swelling  of  a  given  anionite  in  water 
and  1  N  KCl  Is  almost  Identical.  In  a  non-polar  solvent  such  as  benzene,  anionites 
show  alnlmua  swelling.  Anionites  can  be  divided  Into  three  groups  according  to 
their  swelling  capacity: 

a)  anionites  with  a  small  degree  of  swelllng,up  to  2\^  (TN,  H,  TM); 

b)  anionites  with  average  degrees  of  swelling  (MMG-1,  VS,  N-0,  Wofatlt  M); 

c)  anionites  with  large  degrees  of  swelling,  (MX,  Wolfatlt-E,  Amber- 

lites  IR-Ub  and  IRA-400). 

The  small  apparent  specif Ic  gravities  of  anionites  N-0,  VS  and  TN  are  worthy 
of  note. 
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Froa  the  tables  It  can  be  seen  tiJit  the  true  specific  gravity  1^  practically 
the  same  for  all  the  anionites  with  the  exception  of  Aabcrllte  IR-4B.  and"  IRA-JfCX) 
which  are  characterized  by  a  comparatively  small  value  for  the  true  spec.iflc 
gravity.  Tlie  true  specific  gravity  of  VS  la  relatively  high  while  Its  apparent 
specific  gravity  la  very  small, which  possibly  testifies  to  the  large  porosity  of 
this  resin. 

Exchange  Properties 

The  most  Important  ch^aracterlstlc  of  an  lon-exchAnge  material  la  Its  exchange 
capacity,  which  la  determined  hy  th^  number  of  functional  groups  containing  Iona 
which  can  be  exchanged.  The  exchange  capacity  of  a  resin  Is  usually  characterized 
by  the  values  of  the  Total  Exchange  Capacity  (TEC),  the  Static  Exchange  Capacity 
(SEC),  th.e  Dynamic  Capacity  at  the  polnti  where  Ions  stream  through  (DEC),  and  the 
Dynamic  Exchange  Capacity  at  the  point  where  th.e  concentration  In  the  layer  reaches 
its  Initial  value  (IDEC). 

Both  th*e  Total  and  Static  Exchange  Capacities  are  determined  under  static 
conditions.  The  essential  difference  between  these  two  capacities  is  that  the 
Ibtal  Exchange  Capacity  gives  the  exchange  capacity  for  any  exactly  known  pH 
value  of  the  equilibrium  solution,  while  the  Static  Exchange  Capacity  charach* 
erlzes  the  capacity  for  unknown  pH*  s,  which  depend  on  the  nature  of  the  ion- 
exchange  resin  and  the  exchange  Ion,  and  elso  on  the  amount  of  Ion-exchange 
resin  and  the  concentration  of  the  solution.  The  uncertainty  in  the  pH  value 
of  the  equilibrium  solution  In  the  determination  of  the  Static  Exchange  Capacity 
Is  the  consequence  of  the  fact  that  the  concentration  of  the  hydrogen  Ions  is 
equivalent  to  the  number  of  the  adsorbing  Ion  exchange  cations  or  anions,  i.e. 

Its  capacity  for  a  given  set  of  experimental  conditions.  When  this  fact  is  taken 
into  consideration, it  becomes  comprehensible  that  the  Static  Exchange  Capacity 
has  a  physical  significance  only  when  It  Is  determined  under  conditions  for  wb^ch 
the  pH  of  the  original  and  equilibrium  solutions  do  not  differ  too  much  from  ^  jh 
other  (in  excess  alkali  or  acid). 

The  value  of  the  Dynamic  Exchange  Capacity  up  to  the  point  at  which  ions  pass 
through  the  column  (DSC)  is  determined  by  both  static  and  kinetic  faetbrs  and 
accordingly  depends  essentially  not  only  on  the  nature  of  the  ion  exchange  resin 
but  also  on  grain  size,  flow  speed  of  the  6olutlon,etc.  A  knowledge  of  this  value 
Is  important  for  the  calculation  of  set  ups  for  softening  and  demineralizing  water, 
for  decolorizing  solutions,  extraction  of  valuable  materials  from  waste  products, 
etc.  and  Is  of  no  less  importance  for  chromatographic  analysis.  The  value  of  UEC 
Is  Identical  with  one  of  the  values  of  the  Total  Exchange  Capacity  for  a  corres¬ 
ponding  acidity  of  the  solution. 

In  accordance  with  the  concepts  postulated  above,  results  are  given  for  the 
Static  Exchange  Capacity  of  cationites  and  anionites  (determined  both  In  acid  and 
alkalies).  Curves  which  express  the  Total  Exchange  Capacity  at  different  pH 
values  of  the  equilibrium  solution  are  also  given  (l3-l4),* 

The  Static  Exchange  Capacity  was  determined  for  O.IH  UaOH  (for  cationites) 
and  O.IH  HCl  (for  anionites)  hy  keeping  a  known  wel^t  of  the  Ion-exchange  resin 
In  an  excess  of  the  acid  or  alkaline  solution  and  titrating  the  non-reacied  re¬ 
agent  with  phenol  red  as  indicator  after  filtering  off  the  resin.  The  Total 
Exchange  Capacity  was  determined  according  to  GOST  by  potentlometrlc  titration. 

The  respective  results  are  given  in  Tables  U  and  5  and  in  Figs.  1-10. 

From  Table  U  it  can  be  seen  that  SDV-1,  Amberllte  IR-120,  Dowex-^O  have  m 
very  high  capacity;  the  capacity  of  the  remaining  cationites, which  is  determined 
"by  the  sulfonate  group,  is  not  greater  than  k  mg-equiv./g. 
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TABLE  U 


Cationite 

Static 

Exchange 

Capacity 

Espatlte-l  . 

U.4 

SBS . 

3.5 

SDV-1  . 

SDV-2  . 

4.0 

KN . 

2.8 

KM . 

9.4 

Sulfonated  coal  . 

5.6 

Dowex-50  . 

4.9 

Amberllte  IR-120  .... 

4.7 

Amberllte  IRC-50  .... 

9.2 

Wofatlt  P  . 

3.9 

Wofatlt  C  . 

6.4 

TABLE  5 

Anionite 

Static 

. 

Exchange 

Capacity 

MN . 

4a 

TN . 

3.2 

NO . 

3.9 

MMO-1  . 

4.2 

N . 

4.4 

VS . 

3.4 

TM  . . 

4.0 

Wofatlt  E  . 

3.4 

Wofatlt  M . 

3.2 

Amberllte  IR-4B  •  •  •  . 

8.0 

Amberllte  IRA-400  ... 

1.6 

Cetlonltes  containing  carboxyl  functional  groups  (KM,  Aaberllte  IRC-50  and 
Wofatlt  C)  have  the  greatest  exchange  capacity.  The  high  capacity  of  carboxyl 
Ion-exchange  resins  testifies  to  the  fact  that  in  the  nethod  used  for  their 
preparation  It  Is  possible  to  Introduce  several  carboxyl  groups  Into  one  benzene 
ring.  As  Ryabchlkov  shoved  [ 15 -l6]^ numerous  carboxylic  acids  fora  stable  complex 
compounds, e.g.  with  the  rare  earths;  as  a  result  of  this  the  cationites  mentioned 
above  can  exhibit  a  selective  action  in  relation  to  a  number  of  elements. 

This  comparatively  high  exchange  capacity  of  carboxyl  cationite,  however.  Is 
only  manifested  In  alkaline  media.  As  a  result  of  the  high  degree  of  dissocia¬ 
tion  of  the  sulfonic  acid.  Its  hydrogen  Ions  can  be  substituted  by  metals  even 
In  very  acid  solution;  since  the  carboxylic  acids  are  comparatively  weak,  their 
exchange  capacity  in  acid  solution  will  be  practically  zerc^  as  graphically  shown  • 
by  the  potentlometrlc  titration  curves. 

From  Table  5  It  can  be  seen  that  the  anion¬ 
ites  MMS-1,  N,  TM  and  Anberllte  IR-Ub  have  a  com¬ 
paratively  large  capacity. 

It  Is  Interesting  to  note  that  In  contrast 
to  cationites  which  contain  sulfonate  groups^  the 
experimentally  determined  exchange  capacity  for 
anionites,  with  the  exception  of  Amberllte 
Is  considerably  lower  than  the  capacity  calculated 
frcm  the  percentage  of  nitrogen. 

The  potentlometrlc  titration  curves  for 
cationites  (Flgs.l-h)  can  be  divided  Into  three 
groups  according  to  their  shape, 

1)  The  curves  derived  by  titration  of  the 
cationites  SDV-1,  Srv-a,  SBS,  Dowex-50  and 
Amberllte  IR-120.  These  curves  are  similar  to 
those  of  strong  adds.  Therefore  It  can  be 
postulated  that  these  brands  of  cationites  contain  only  sulfonate  groups  on  the 
benzene  ring. 

2)  The  titration  curves  of  KN,  KM,  Amberllte  IRC-50  and  Vofatit  C.  These 
curves  are  similar  to  those  for  titration  curves  of  comparatively  weak  acids. 

The  step-wise  character  of  the  titration  curves  of  KM  and  Amberllte  IRC-50, 


which  Is  worthy  of  attention,  Is  possibly  explained  by  the  presence  of  multi- 
basic  highly  polymerized  acids.  The  hypotheses  that  a  few  carboxyl  groups 
enter  Into  the  benzene  ring  of  the  Ion-exchange  resin  is  confirmed  by  their 
very  high  Static  Capacity  9*2  mg-equiv/g), 

3)  Titration  curves  of  Espatlte-l,  sulfonotcd  coal,  and  Wofatlt-P  are 
Intel-mediate  between  those  of  the  first  and  second  groups;  on  the  one  hand 
they  have  a  fairly  clearly  defined  horizontal  port  while  on  the  other  hand 
there  is  an  even  slope  of  the  curve  on  addition  of  sufficient  alkali.  This 
may  be  explained  by  the  presence  of  two  types  of  acid  groups  in  the  cationites 
of  the  brands  Indicated  (sulfonate  and  carboxyl  or  hydroxyl  groups),  or  by  the 
presence  of  sulfonate  groups  in  the  side  chain.  . 

For  chromatographic  analyses  the  most  suitable  cationites  are  those  which 
possess  maximum  cajiaclty  at  the  pH  of  the  solution  being  analyzed.  It  is 
appropriate  to  note  that  experiments  can  be  carried  out  qualitatively  only  by 
bringing  the  Ion-exchange  resin  into  equilibrium  with  the  washing  solution 
beforehand.  Values  for  the  Total  Exchange  Capacity  of  the  cationites  for  5  pH 
values  calculated  from  the  potent lome trie  titration  curves  are  given  in  Table  6, 
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Cationites  the  capacity  of  which  does  not  depend  on  the  acidity  of  the 
solution  are  sometimes  called  universal  cationites.  *  •  '  . 

The  definite  Increase  in  capacity  of  a  number  of  cationites  on  increasing 
the  pH  made  it  expedient  to  carry  out  experiments  on  less  acid  media.  In 
chromatographic  analysis  In  which  complex -forming  substances  are  used,  this  can 
be  achieved  by  a  corresponding  decrease  in  the  concentration  of  the  complex -forming 
compounds.  In  view  of  the  existing  relation  between  the  instability  coefficients 


of  th»;  complexes  and  the  acidity  of  the  solution,  and  Its  independence  of  the 
concentration  of  the  components,  the  same  relation  "between  the  normal  and  complex 
forms  can  exist  in  medio  of  different  acidities  for  a  corresponding  change  in 
the  concentration  of  complex -forming  compounds. 


TABLE  6 


Cationite 

1  rH 

5 

7 

Espatlte-1 

1.9 

2.0 

2.1 

SBS 

2.25 

2.4 

2.5 

SDV-1 

U.O 

4.2 

4.3  ■ 

KM 

0.15 

1.0 

2.7 

Sulfonated 

1.0 

1.5 

1.7 

coala 

On  the  basis  of  the  potentiometrlc 
titrations  of  the  anionites  (Figs. 5-10) 
the  following  conclusions  con  he  drawn, 

1)  All  the  anionites  tested  can  be 
divided  into  2  groups  (for  a  pH  of  ?)• . 

2)  Anionites  of  the  first  group  can 
he  used  in  neutral  and  even  weakly  alka- 
lire  media,  while  anionites  belonging  to 
the  second  and  third  group  (weakly  basic 
anionites)  can  only  be  used  In  acid  media. 


5)  From  a  comparison  of  the  potentiometrlc  titrations  of  anionites  to 
convert  them  into  the  hydroxyl  form  with  both  5^  NaEC0!3and  NaOH  (see  Fig. 6) 
it  is  possible  to  conclude  that  even  the  weakly  basic  anionites  are  not  completely 
converted  into  the  hydroxyl  form  by  means  of  NaHCOa, 

4)  From  the  shape  of  the  potentiometrlc  titration  curves  for  VS,  given  a 
preliminary  treatment  with  HCl  (Fig.  10),  it  can  be  postulated  that  this  resin 
is  amphc^erlc, l.e.  possesses  cationite  properties  as  veil.  However  this  con- 
cluslon,>'ased  only  on  potentiometrlc  titration,  is  not  sufficiently  reliable. 
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since  curves  of  a  slxllar  type  can  be  derived  for  anionites  with  weakly  basic 
functional  ijroups. 


Group  I 


Croup  II 


SUMMARY  . 

1.  Ucciestlc  cationites  and  anionites  have  been  tested  and  conipared  with 
the  best  foreign  Ion-exchange  resins  froa  the  point  of  view  of  their  use  in 
cheaical  ex:a lysis. 

2.  It  has  been  shown  that  according  to  the  ^ 

apparent  specific  gravity  and  degree  of  swelling  ‘  •  *  . 

the  sost  suitable  daaes  tic  cationite  and  anlonlt* 
respectively  are  SBS  and  MMG-1.  ^ 

5.  Judging  by  the  total  capacity  within  a 
wide  pH  range  the  most  suitable  cationites  are  ^  ^ 

SDV-1,  SEV-2  end  SBS.  Of  Interest  are  those  ^ 

cationites  with  carboxyl  functional  groups  (KM), 
which  exhibit  a  selective  action  toward  a  number 
cf  elements,  ^  ...u 

Of  the  anionites  tested,MMC-l  is  recommended  10*^**** 

for  analytical  purposes 


Received  February  7>  1952 
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TITRATION  OF  MIXTURES  OF  WO  ACIIS  OR  THEIR  SALTS 

N.  P,  Komar  • 

(A.  M.  Gorky  Kharkov  State  Institute). * 

The  tltratlou  of  mixtures  of  tvo  acids  has  “been  treated  In  an  elementary  form 
by  Noyes  [l]  and  his  conclusions  vere  used  by  Kolthoff  [2).  A  detailed  examination 
of  the  question  from  the  standpoint  of  potentlonetrlc  analysis  vas  given  by  Roller 
(5)»  In  this  paper  the  sane  question  Is  considered  from  the  vleupoint  of  Ionic 
equilibrium,  but  Individual  problems  are  solved  In  a  general  form,  and  simplifica¬ 
tions  Introduced  only  In  the  order  of  the  analysis  of  the  general  solution. 

Let  us  assume  that  to  a  mixture  of  tvo  veak  acids  HAi  and  HA2  there  Is  added 
an  amount  of  NaOE  solution  such  that  the  Initial  concentrations  of  the  three 
components  are  equal:  ckAi  =  ci  and  **  Ca  and  c^j^qh  “  mols/llter.  Such  a 

system  corresponds  to  the  first  stoichiometric  point.  If  ve  assume  that  at  the 
moment  vhen  all  EAi  Is  completely  neutralized  EA2  Is  completely  untouched,  then 
the  Initial  conditions  can  be  represented  by  the  following  schemet 

CAT  *  *^HA2  *  <=2,  cjia-i-  -  Cl. 

It  Is  obvious  that  the  equilibrium  in  this  system  vlll  be  determined  by  the 
equations: 

HA2  ♦  aI;  ♦  aI  4=±  EAi. 

This  system  contains  5  unknowns:  [H*]  »  x;  [Ai]  »  y;  [A2]  «  2;  iHAil  ■  u,  . 
[EA2]  »  t  and  [Na'*’]  »  ci.  In  which  the  formula  In  the  square  brackets  both  here 
and  In  the  rest  of  this  paper  denote  the  equilibrium  concentrations.  *It  la 
obvious  that  for.  the  calculation  of  the  equilibrium  the  following  equations  can  be 
used: 

xy  *  kiu; 

xz.  ■  k2t;  ,  • 

Cl  «  y  ♦  u; 

C2  »  2  ♦  t; 

Cl  +  X  =  y  ♦  2. 

This  system  of  equations  can  be  easily  transformed  into  a  cubic  equation  in  x: 

X®  ♦  (ci  -*•  ki  •¥'  k2)x*  +  (hik2  ♦  k2Ci  -  k2C2)x  -  kik2C2  =  0.  (1) 

By  means  of  this  equation  It  Is  possible  to  calculate  [H^]  and  pH  for  the  first 
stoichiometric  point,  l.e.,  at  the  moment  when  an  amount  of  NaOH  has  been  added  to  the 
mixture  of  acids  which  Is  equivalent  to  the  Initial  concentration  HAi. 

Equation  (1)  reduces  to  the  formulas  of  Noyes  and  Kolthoff  vhen  the  following 
simplifications  are  Introduced: 

1)  for  Cl  a  C2  “  c  the  equation  can  be  rewritten  In  the  fora 
(x  ♦  c  ki  ♦  k2)x*  -  hik2(c  -  x)  «  0;  . 


2)  for  x<Cc 


3)  for  k2<^  ki  and  c  w«  get  Noyes'  formula,  vhlch  Kolthoff  regards  aa  exact, 
vhlle  for  ki<3^c  ve  get  the  simplified  formula  of  Kolthoff.  It  Is  ohvlous  that 
the  first  assumption  Is  '’utomat Ically  satisfied  during  the  titration  of  weak 
dibasic  acids,  but  Is  inadmissible  for  theoretical  Investigations  of  the  titration 
of  mixtures  of  two  weak  acids.  If  the  conditions  Ci  »  C2  remain  unfulfilled. 

For  an  exact  calculation  of  pH  In  those  cases  where  the  Initial  concentration 
of  NaOH  In  the  system  satisfies  the  condition  ci  <  cjjaOH  ■  c  <  Cx  Cg  It  Is  possl* 
ble  to  use  the  equation 

♦  (c  +  kx  k2)x^  ■♦■  [  (c  -  cx)kx  (c  -  €2)^2  ♦  kikalx  — 

-  kik2l<^2  -  (c  -  cx)l  «•  0.  (2) 

It  can  be  derived  exactly  the  some  as  (1)  and  con  be  converted  Into  the 
latter  when  c  *  cx.  If  x  »  then  Equation  (2)  transforms  Into  the 

quadratic  equation: 

(c  ♦  kx  ♦  k2)x2  ♦  [(c  -  Ci)kx  ■»■(€-  C2)k2  -»•  kxkaJx  -  kikalca  -  (c  -  cx)l  -  0. 

The  solution  of  the  quantitative  determination  of  one  weak  acid  HAx  In  the 
presence  of  another  HA2  Is  coruiected  with  the  problem  of  the  distribution  of  the 
alkali  between  two  acids.  If  =  ci,  CHA2  =  C2, and  the  system  contains 

cjfaOH  *  ci,  then  It  can  always  be  postulated  that  aci  mol  of  NaOH  has  been  used 
for  the  neutralization  of  RAx  and  yields  ccx  mols  of  Ax  Ions.  Then,  It  follows 
that  (1  -  a)cx  mol.  of  NaOH  has  been  used  for  neutralizing  HA2, which  means  that 
(1  -  a)cx  mols  of  A2  Ions  should  be  formed.  In  such  a  case  it  is  possible  to 
regard  the  equilibrium  concentration  of  the  OH”  Ions  to  be  vemlshlngly  small, 
since  the  system  contains  free  acid.  Under  these  conditions  the  equlllbrliaa 
concentrations  are  expressed  as  follows: 

[Ax]  «  OCX,  [EAxl  =»  ci(l  -  a),  [A2I  «  (1  “  q)*Cx,  [HA2]  =»  C2  “  (1  —  a)cx  and 

IH^]  -  h. 

If,  further  kHAx  =  ^EAa  *  ^2^  then  obviously:  ’  *  * 

hacx  =  kiCi  (1  ~  a) 

and 

hcx(l  -  a)  =  k2[c2  -  (1  “  o)cxl. 

After  dividing  one  equation  by  the  other  and  transposing  we  find  that 

“  (i-cp  [f?  -  -  "]•  ■  ‘5) 

This  expression  shows  that  the  possibility  of  deteralnlng  one  weak  acid  in 
the  presence  of  another  depends  not  only  on  the  ratio  of  their  dissociation  con¬ 
stants,  as  Kolthoff  shoved  but  also  on  the  ratio  of  their  Initial  concentrations. 
Formula  (3)  completely  characterizes  the  possibility  of  titrating  two  weak  acids 
In  aqueous  solution  with  a  fixed  degree  of  accuracy.  lf,for  a  given  value  of  a 
and  the  expected  rat^o  of  the  Initial  concentrations,  C2/C1, the  actual  ratio  of  the 
constants  Is  less  than  the  limiting  value,  then  the  separate  determination  of  the 
adds  In  aqueous  solution  Is  impossible.  In  similar  cases  the  problem  could  be  • 
solved  by  the  application  of  differential  solvents  [6,7]. 

Consideration  of  the  distribution  of  alkali  between  two  weak  adds  in  a  •  •  . 
general  way  can  also  enable  a  number  of  Important  conclusions  to  be  drawn.  Let',  ^v- 
us  take  1  liter  of  solution  containing  cx  mols  of  HAi  and  C2  mols  of  HA2  and  to  .-rj'V 
It  add  y  liters  of  a  c-molar  solution  of  NaOH.  Let  k^^  *»  kx,  kg;^  “  '•  **  ' '*'^ 

kx  >  k2,  and  cx  <  cv  <  cx  ♦  C2.  In  this  case  It  can  ^  accepted  tMt  ■  •. 

■  ^  y  t  CHA2  ■  and  ■  cqh  ■  •  Assume  that  for  the  neutralization 
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of  IIAi  an  a  part  of  the  NaOH  vao  used,  then  applying  the  above  considerations  ve 
get  the  equations; 

hq^  _  Hi(ci  -  ocv)  . 


1  +  V  1  ♦  V  (5) 

The  product  cv. vhlch  enters  both  equations.  Is  equal  to  the  number  of  mols 
of  NaOH  vhlch  vas  added  to  1  liter  of  the  mixture,  containing  Ci  mols  of  acid 
HAi  and  C2  mols  of  acid  HA^  In  order  to  get  a  pH  corresponding  to  (H^J  h, 
which  enter  Into  Equations  (4)  and  (5).  1st  cv  be  denoted  by  z,  then  solving 
the  system  with  respect  to  z  and  a,  ve  get;  " 

a  ,  _ -♦  _ _  fgx 

ciki(h  *►  ka)  ♦  k2C2(h  ♦  ki)  '  ' 

and 


-  -  -  h  k2  "  h  ♦  ki 

With  the  help  of  Formula  (6)  It  Is  possible  to  calculate  the  distribution 
of  alkali  between  the  two  weak  acids.  If  ci  <  cv  <  ci  >♦-  C2.  Formula  (7)  Is  far 
more  Important,  It  shows  that  the  number  of  mols  of  NaOH  expended  on  attaining 
any  given  pH  lies  between  the  first  and  second  stoichiometric  points  and  Is  a  • 
linear  function  of  the  Initial  concentrations  of  the  weak  acids  cx  and  C2*  But 
If  this  Is  so,  then  by  titrating  the  same  mixture  to  different  pH  values  and 
noting  the  respective  values  of  h^  and  z^  where  1  Is  the  number  of  the  respective 
value,  it  Is  possible  to  find  the  required  values  of  Ci  and  C2,l.e.,  to  determine 
the  required  concentrations  of  both  the  weak  adds. 

Finally,  using  Formula  (6)  It  Is  possible  to  find  In  a  general  form  the 
Indicator  error  of  the  titration.  It  Is  obvious  that  this  error  Is  equal  to 
CV  -  Cl,  If  =  Cl  and  If  the  titration  Is  Interrupted  when  the  hydrogen  Ion 

concentration  H+  attains  the  value  h.  After  substitution  and  simplification  ve 
find  that  the  absolute  Indicator  error  will  be  equal  to  *  '  *  ' 


•  ^  h  ♦  ka  1 

and  the  relative  error  given  by 

-100  a  ^  -  r-  — — 

Cl  h  ka  Cl  h  +  ki 

when  It  Is  obvious  that  the  error  will  be  zero  If 


h  +  ka  Cl  h  ki* 

Titration  by  the  displacement  method, vhlch  Is  based  on  the  reaction  between 
the  salt  of  a  weak  acid  and  a  strong  acid.  Is  usually  considered  in  isolation  from 
the  medium  In  vhlch  It  Is  performed.  Ve  adopt  such  an  approach,  however,  only  in  the 
case  where  the  solution  of  the  salt  Is  prepared  and  kept  under  conditions  vhlch 
exclude  CQa  absorption  fr<xa  the  air. 

If  It  Is  accepted  that  the  solubility  of  CO2  In  water  at  room  temperature  is 
of  the  order  of  3.8*10“^  mol. /liter,  then  at  a  concentration  of  CO2  In  the  labora¬ 
tory  air  of  the  order  of  O.05  vol.  it  Is  possible  to  assume  that  the  equlllbrlim 
concentration  of  CO2  In  any  aqueous  solution  open  to  the  air  will  be  roughly  2«10** 
mol/llter. 


Under  cuch  conditions  a  rolutlon  of  a  salt  NeA,  for  which  c^aA  ■  CNa'*’  **  ‘ 
a  c;^.  a  c  represents  a  complex  system  described  by  the  equations 

A"  5=t  HA; 

H2C03  5=t  ♦  HCO;; 

‘►0}r5=tH20. 

In  this  system  there  are  5  unknowns:  ■  x,  [A"]  »  y,  [HA]  a  z,  [HCO3I  ■  u, 

[OH*]  -  t. 

Assume  that  [H2C03]  «  a  »  2*10*®  mol/llter,  KhA  “  ^H2C03  ■  hi  «  3.5*10*^ 

and  kRgO  »  V  a  lO*^"*,  .  . 

Applying  the  law  of  mass  action  to  our  three  equstlons^and  using  the  value  of 
the  Initial  concentration  of  the  salt  cjjgj;  a  c,  and  the  principle  of  the  electro- 
neutrality  of  the  solution, we  get  the  following  system  of  equations: 

xy  a  kz; 

XU  a  kia; 

Xt  a  w; 

Cay4-Z 
C-fXay  +  U-ft, 

This  system  reduces  to  an  equation  of  the  third  order 

x^  ♦  (c  k)x*  -  (aki  ♦  w)x  -  k(aki  ♦  w)  a  0.  (10) 

In  so  far  as  the  hydrogen  Ion  concentration  [H'*’]  in  not  very  dilute  aqueous 
solutions  of  a  salt  of  a  weak  acid  Is  very  small  as  compared  to  the  Initial  con¬ 
centration  of  the  salt,  l.e.  x«c.  Equation  (10)  Is  transformed  Into  a  quadratic 

(c  ♦  k)x^  “(oki  ♦  w)x  —  k(aki  -*•  w)  a  0.  (11) 

With  the  help  of  this  equation  It  Is  possible  to  calculate  the  actual  pH  of 
a  solution  of  a  salt  KaA,  In  equilibrium  with  air  and  tnence  to  calculate  [ECOs]  a 

a  end  the  total  concentration  of  carbonate  equal  to  ♦  2*10“*  mol/llter. 

Results  calculated  by  this  method  for  0.1  N  solutions  of  salts  of  the  type 
JJaA  of  weak  acids  of  different  strengths  are  given  In  the  following  table. 

TABI£ 

pH  Values  end  Equilibrium  Concentrations  of  Components  In  Equilibrium  In  0.1  H 
Solutions  of  Salts  of  Weak  Acids  of  the  Type  KaA,  In  Contact  with  Air  Containing 

0,05  vol.^  CQ2 


Kha 

[A’j 

[HA] 

[HCO3J 

pH,  Calculated 

• 

-  ■  ■  • 

CO2 

accounted 

From 

hydrolysis 
of  KaA 

10*5 

2.6-10’® 

9.97-10’2 

3.0-10’-* 

3.0*10*-* 

7.6 

9.0 

10"® 

8.U:10’® 

9.92*10’2 

8.0-10'-* 

8.0-10“-* 

8.1 

9.5 

10""^ 

2.6-10"® 

9.75*10’2 

2.5*10’® 

2.5*10*® 

8.6 

10.0 

10’® 

8.7-10"^® 

9.20-10’2 

8.0-10’® 

8.0-10*® 

9.1 

10.5 

10’* 

3.0-10"^® 

7.70-10-2 

2.3*10*2 

2.3*10’2 

9.5 

u.o 

10’^® 

1.2.10’^® 

U.55-10’2 

5.^3 *10*^ 

5.^5 *10** 

9.9 

11.5 

The  results  given  in  the  table  are  of  lraxx>rtance  for  the  calculation  of  the 
amount  of  carbonates  contained  In  solutions  of  salts  of  veak  acids  both  during 
titration  and  also  for  making  up  buffer  solutions. 

These  results  also  show  that  titration  by  the  displacement  method  Is  practi¬ 
cally  always  a  titration  of  a  complex  mixture  of  two  salts  IJaA  and  NaHCOa  and 
acids  HA  and  HCOa.  Therefore  the  theory  of  titration  by  the  displacement  method 
for  one  salt  Is  only  of  significance  In  special  cases. 

The  titration  of  a  mixture  of  two  salts  of  weak  acids  with  a  solution  of 
strong  acid  Is  solved  by  the  cane  method  as  that  used  for  Investigating  the  titra¬ 
tion  of  a  mixture  of  two  veak  acids  with  on  alkali  solution.  Let  cjiaAi  ■  caI  * 
^NoAa  *  3  ci  Cg.  At  the  first  stoichiometric  point  chAq  “  * 

"  ^  C2,and  at  the  beginning  it  con  be  assumed  that  ci;a+  »  [Na*)  =  Ci  ♦  Cg; 

CAi  =•  Ci;  c;^-  =»  [A©]  =  C2  and  CHA2  *  C2.  If  the  Ionic  strength  of  the  solution 
Is  not  taken  Into  account,  then  It  can  be  assumed  that  Ila'*’  and  A©  Ions  *»111  not 
affect  the  equilibrium.  In  this  case  the  equilibrium  Is  described  by  the  following 
equations: 

HA2  H*  ♦  A2  j 
f  Al^=±2Ax; 

EzO  ♦  OH” 

and  contains  6  unknowns:  =  X,  [0H“]  »  y,  [AI]  »  z,  [EAil  »  u,  [A^]  *  y, 

IEA2]  «  t. 

By  arranging  the  system  of  equations  as  done  previously  above  and  solving 
it  with  respect  to  x,ve  get  an  equation  of  the  4th  order. 

X*  (ci  ♦  ki  +  k2)x3  ♦  (cik2  +  kika  -  C2k2  -  w)x*  -  (cakika  +  kiw  ♦  k2v}x  - 

—  kik2W  a  0, 

which  can  be  used  for  exact  calculation  of  pH.  In  determinations  of  this  type  cx 
and  C2  should  never  be  less  than  0.01  nol/llter.  Under  these  conditions  ci  »x, 
ki,  k2  and  our  equation  can  be  reduced  to  the  fora: 

^3  ^  kgfci  -  Cg)  ♦  kikg  -  V  ^  ^  1  0. 

Cl  .Cl  Cl 

In  these  equations  the  Index  1  refers  to  the  stronger  acid  end  the  Index  2 
to  the  weaker  acid.  In  this  case  k2  <  ki  and  the  first  stoichiometric  point 
corresponds  to  the  point  at  which  the  mixture  contains  an  amount  of  KaQH  equiva¬ 
lent  to  the  Initial  concentration  of  the  HaA2. 

For  the  case  where  ceA©  mixture  Is  equal  to  c, while  C2<c<Ci  ♦  Cst, 

It  Is  easy  to  derive  the  equation: 

x^  ♦  (ci  +  C2  “  c  +  ki  +  k2)x^  +  ( (c2  “  c)ki  ♦  (ci  -  c)k2  kik2  -  w]x?  - 


—  (ckika  ♦  kiw  -I-  k2w)x  -  kikaw  »  0. 

Where  x  =  ci,'C2,  c,thl8  equation  assumes  the  form: 


(12) 


x3  [(C2  -■  c)ki  >!•  (Ci  ~  c)k2  kika  -  w]  2  _  ckikg  ♦  (ki  ♦  k2)v 

Cl  +  C2  -  c  ♦  ki.^  ka  Cl  ♦  C2  -  c  +  ki  k2 


_ _ 

Cl  ♦  C2  -  c  ki  ♦  ka 


0. 


The  distribution  of  H*"  Ions  between  the  anions  Ai  and  A2  Is  solved  Just  as 
above  for  the  titration  of  a  mixture  of  two  veak  adds  with  alkali.  The  question 
of  the  possible  determination  of  N0A2  In  the  presence  of  NaAi  Is  solved  by  means 
of  the  formula: 
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Jsi 

1^2 


(1  - 


vhlch  Is  dt*rlved  In  the  'eaae  vay  as  Forsula  (3)  and  differs  from  It  only  by  the 
ratio 

C2 

The  solution  of  the  distribution  of  z  »  cy  mols  of  acid,  added  to  1  liter  of 
a  mixture  containing  ci  mols  of  NaAi  and  C2  mols  of  KaA2  Is  achieved  by  the  method 
given  above  for  the  titration  of  two  acids  with  alkali.  From  these  results  it 
seems  that  the  distribution  coefficient 


_ hc?(h  ♦  ki) _ 

hci(h  k2)  hC2(h  kTJ  * 


but 


Z  a  CV  ■ 


h  ki 


Cl  ♦ 


h  ks 


C2. 


The  Indicator  error  In  this  case,  as  can  be  seen  is  equal  to 


Z  -  C2 
C2 


■100 


I 


h  ♦  ki 


C2 


-  -±2-4 

h  ♦  kaj 


100. 


(13) 

(1^*) 

(15) 


In  this  case  the  value  of  ^  is  also  a  linear  function  of  the  initial 
concentrations  of  the  salts  ci  and  Ca.  Titration  to  a  fixed  pH  in  vhlch  cy  it 
taken  into  account.  In  this  case  also  ensures  the  possibility  of  giving  an 
approximate  determination  of  the  composition  of  a  mixture  of  tvo  salts  of  veak 
acids. 

SUKMARI 

1.  General  formulas  are  given  for  the  calculation  of  the  distribution  coef¬ 
ficients  of  alkali  between  tvo  veak  acids  or  of  ff*"  ions  between  the  anions  of  tvo 

acids. 


2.  It  has  been  shown  that  the  amount  of 'strong  alkali  in  the  first  case  and 
of  strong  acid  in  the  second  case  is  a  linear  function  of  the  initial  concentrations 
of  the  veak  acids  or  their  salts. 

"3.  A  ger.eral  method  is  glyen  for  the  calculation  of  equilibrium  for  a  solu¬ 
tion  of  a  salt  of  a  weak-  acid  in  contact  vith  air  containing  C02*  Results  are 
given  of  such  calculations  for  0.1  M  solutions  of  salts  of  veak  acids. 
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■/•»-’£PCy£TRIC  TITRATION  OF  NICKRL  WITH  DI0XD1E3 


V.  M.  Peshkova  and  Z.  A,  Gallai 
(M.  V.  LcKonosov  Moscow  State  University) 


Organic  reagents  which  enable  detennlratlona  of  Individual  elements  to  be 
made  without  preliminary  separation  from  other  elements  present  are  of  great 
Importance  In  aaperometrlc  titration  methods.  The  shape  of  the  titration  curve 
depends  on  the  nature  of  a  given  reagent.  If  the  substance  to  be  determined  and 
the  reagent  give  a  diffusion  current  on  applying  an  EIMF  to  both,  then  the  curve 
obtained  will  be  V-shaped  and  will  enable  the  equivalence  point  to  be  determli.od 
with  great  accuracy.  Cui-ves  of  this  type  are  obtained  when  dlmethylglyoxlme,  a- 
benzolnoxlme,  sallcylaldoxlme  and  a  number  of  other  reagents  are  used.  In  those. . 
cases  where  the  reagent  dees  not  give  a  diffusion  current  on  applying  an  EMF,  the 
titration  curves  will  be  of  the  L  form,  which  Is  less  suitable  for  the  determina¬ 
tion  of  the  equivalence  point.  Up  to  the  present  time  a  considerable  amount  of 
work  h^s  been  done  on  the  application  of  Individual  organic  reagents  In  ampero- 
netrlc  titration.  Zanko  [ij.  Stock  (2],  Stone  and  Furman  (3)  showed  the  possibi¬ 
lity  of  using  oximes  for  the  determination  of  Mg,  Zn,  Cu,  A1  and  Cd.  The  work 
of  I.  Kolthof  [4]  and  Mukhina  (5)  on  the  use  of  dlmethylglyoxlme  for  the  determl- 
Mtlon  of  Ki  Is  also  known.  A  number  of  organic  reagents  have  been  suggested  for 
the  determination  of  Cur  o-benzoinoxlme  (A.  hanger  16]),  a-nltroso-P-naphthol 
(I.  Kolthof  and  langer  [7) ),  salicylaldcxime  (A.  Neuberger  [6]), and  qulnaldlnic 
acid  (Stock  l9))* 

In  the  present  paper,  results  are  given  •for  the  use  of  dlmethylglyoxlme  and 
its  sodlvai  salt  and  of  the  dloxime  of  cyclohexandloxlae.  The  latter  has  been 
shown  previously  to  possess  a  number  cf  advartages  over  dlmethylglyoxlme.  The 
work  was  carried  out  by  means  of  a  droppltig  mercury  electrode.  The  concentrations 
of  the  R1  and  dloxime  solutions  res^ctlvely  were  determined  gravlaetrlcally. 

NiS04  was  determined  by  precipitation  with  dlmethylglyoxlme  and  the  dloxime  by 
precipitation  with  N1  salts. 

“^e  of  Binethylglvoxime  and  Its  Sodlum_Sa 


Determination  of  Nickel  In  Sol;.licc.3  cf  Its  Pure  Salts.  Dimethyl  glyoxloe 


as  a  reagent  for  Ni  was  proposed  by  Chugaev  ll2j,  and  has  been  widely  used  In 
analytical  chemistry,  both  for  the  gravimetric  and  colorimee'trlc  determination 
of  Nl  (13).  Some  authors  use  the  Na  salt  of  dlmethylglyoxlme. 

An  essential  condition  In  performing  amperometrlc  titration  Is  the  choice  of 
the  correct  base  solution.  In  this  case  we  considered  that  the  chosen  electrolyte 
could  be  used  for  complex  formation  with  Fe  and  Al.  Sodium  acetate  and  tartrate 
respectively,  and  sodium  and  ammonlimi  citrates  were  considered.  The  half-wave 
potential  of  Kl  Is  -1.1  V.  After  a  number  of  preliminary  experiments.  It  vas 
established  that  it  Is  best  to  titrate  Nl  In  a  base  solution  of  0.1  N  Na-acetate 
for  which  a  clearly  defined  diffusion,^ wave  was  obtained.  Polarograns  obtained 
for  Nl  In  NH4-citrate  and  Na-tartratc  did  not  have  a  clearly  defined  form  and 
gave  very  small  wave  helots. 

Dlmethylglyoxlme  Is  reduced  on  the  droplng  mercury  electrode  as  shown  by 
Kolthof  (4)  and  Stromberg  (15) •  •  The  polarograms  were  drawn  visually  and  the 
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EMF  checked  vlth  a  Weston  cell;  gelatin  vas  used  as  a  maximum  suppressor.  With 
a  base  electrolyte  of  0,1  N  Na-acetate  for  a  concentration  of  dime  thy  Iglyoxlme 
of  0.002  M,  the  reduction  potential  E  ■  -1.13  V  and  the  half-vave  potential 
Ei/2»  -1.**0  V;  vhlle  for  1  N  NH4OH  and  0.1  N  NH4CI  the  reduction  potential  E  - 
■  -l.lU  V  (see  Curve  1  In  the  diagram). 

A  more  clearly  defined  curve  for  oaieronetrlc  titration  vas  obtained  vhea 
the  EMF  across  the  electrolytic  cell  vas  Increased  to  a  potential  greater  than 
the  half-vave  potential  of  the  eletaent  being  determined.  We  used  a  potential  of 

-1.70  V. 

Titrations  vere  Invariably  carried  out  In  open  vessels  vlthout  removal  of 
oxygen  from  the  solution.  The  results  for  titration  of  pure  Nt  solutions  In  a 
base  electrolyte  of  0.01  H  Na-acetate  are  given  in  Table  1. 

The  volume  of  the  titra¬ 
tion  solution  Is  changed  ac¬ 
cording  to  the  N1  content.  In 
the  more  dilute  solutions  the 
precipitate  separates  slovly^ 
presumably  because  of  the  forma¬ 
tion  of  supersaturated  solutions; 
It  is  therefore  necessary  that 
titratlcns  should  be  performed 
vlth  amounts  of  N1  vhlch  are  not 
less  than  0.2-0. 3  mg  in  10  ml. 


TABLE  1 


Expt. 

No. 

N1  taken 
in  eg 

Vol  in 
ml 

Ni  found 
in  mg 

Error 
in  mg 

1 

0.12 

10 

0.21 

+0.09 

2 

0.30 

10 

0.31 

+0.01 

3 

0.60 

10 

0.63 

+0.03 

k  • 

1.20 

20 

1.23 

4O.O3 

5 

2.U0 

20 

2.38 

-0.02 

6 

3.60 

20 

:5.57 

-0.03 

Determination  of  Nickel  in  the  Presence  of  Other  Elements.  51  vas  deter¬ 
mined  in  the  presence  of  Fe,  Cr,  end  Al,  It  vae  established  that  for  small  ; 
amounts  of  Fe  (Nl;Fe  «  l.;3),  titration  can  be  carried  out  satisfactorily  with  a 
base  electrolyte  of  0.1  5  Na-acetate. 

With  increasing  concentration  of  Te  it  becorac’a  necessary  to  use  2  H  Na-acetate^ 
vhlle  for  even  greater  amounts  of  Fe,  more  than  1:10, it  is. recommended  that  the 
excess  Fe  should  be  first  removed,  preferably  in  the  fora  of  the  double  salt  vlth 
NaF  [lU],  For  large  concentrations  of  Fe  it  is  best  ,to  take  a  volume  of  40  ml  and 
to  increase  the  concentration  of  the  Na-acetate. 

In  the  titration  of  mixtures  of  N1  and  Al  and  of  N1  and  Cr,  exactly  the  same 
pattern  Is  observed.  For  small  amounts  of  Al  and  Cr  the  titration  is  satisfactory 
vhen  0,1  N  Na-acetate  is  used  as  the  base  electrolyte,  but  vlth  increasing  amounts 
of  Al  or  Cr  to  ratios  of  1:10  it  is  recommended  that  2  N  Na-hcetate  be  used  as  • 
vlth  Fe. 


TAEIZ  2 


Expt, 

No. 

Nl  taken 
in  mg 

Nl:Fe 

Base  electrolyte 

Vol  in 
nl 

Ni  found 
in  mg 

Error 
in  mg 

1 

1.20 

— 

0.1  5  sodium  acetate 

20 

1.22 

+0.02 

2 

1.20 

1:1 

Ditto 

20 

1.23 

+0.0> 

3 

1.20 

1:2 

N 

20 

1.22 

+0.02 

k 

1.20 

1:3 

n 

20 

1.23 

+0.03 

5 

1.20 

1:5 

m 

20 

1.28  . 

+0.08 

6 

1.20 

1:8 

2  5  sodium  acetate 

20 

1.23 

+0.03 

7 

•  2.V0 

1:8 

Ditto 

Ho 

2.H2 

+0.02 

8 

•• 

1:10 

« 

Ho 

2.38 

-0.02 

In  the  deterr  inotlon  of  N1  in  the  presence  of  considerable  amounts  of  A1  and  Cr 
(for  ratios  o:  Ni;Cr  and  N1:A1  «  1:10)  equilibrium  la  only  slovly  attained  after  ' 
addition  of  each  portion  of  the  reagent. 

Titration  with  a  Solution  of  nodlu!a-»Dlmothylglyoxlme.  The  reduction  potential 
of  Na-dlmethylglyoxime  with  a  base  electrolyte  of  0.1  N  Na-acetate  la  the  same  as 
for  dlnethylglyoxlme  Itself  (ese  Curve  2  on  the  diagram).  An  aqueous  solution  of 
JJa -dine thy Iglycxln^e  was  used.  A  characteristic  of  this  reagent  Is  the  rapidity 
with  which  N1  can  be  determined  because  of  the  fast  rate  at  which  a  state  of 
equilibrium  la  reached  during  titration. 

Titration  can  be  carried  out  In  the  presence  of  Na-acetate  and  other  electro- 
lyte8~  0.1  N  NaCl  and  O.INN82SO4.  Results  are  given  in  Table  3* 


TABLE  3 


Expt. 

No. 

Ni  taken 

In  mg 

Ease  electrolyte 

Ni  found 

In  mg 

Error 

In  mg 

1 

1.20 

0.1  N  CHaCOaNa 

1.21 

+0.01 

2 

2.40 

Ditto 

2.43 

+0.03 

3 

2.40 

0.1  N  NaCl 

2.41 

+0.01 

k 

2.40 

0.1  N  Na2S04 

2.42 

+0.02 

On  the  basis  of  these  results  it  can  be  stated  that  Na-dlsethylglyoxlme  can 
be  substituted  for  dlmethylglyoxlme  itself.. 

The  Use  of  Cyclohexanedione-dioxlme  - 

Cyclohexanedlone-dloxlne  has  been  tested  as  a  reagent  for  HI  both  by  Peshhova, 
Gontaeva  and  Vedernikova  [10)  and  by  Johnson  and  Slnnons  [11].  Nl-cyclohexanedlone- 
dloxlne  has  a  bright  red  color  and  is  core  stable  in  acid  media  (pH  3*3)  than  Hi- 
dlmethylglyoxlme.  It  Is  also  considerably  core  stable  in  ecmonlacal  solutions. 

These  important  projjertles  of  Ni-cyclohexanedione-dioxiae  indicate  that  it  will  be 
useful  for  the  determination  of  HI  In.  the  presence  of  other  metals.  A  0..025  M 
aqueous  solution  of  the  reagent  was  used'.  It  was  estimated  gravinetrlcally  under  . 
conditions  established  previously.^) 

The  polarograms  obtained  with  this  reagent  in  a 
base  electrolyte  of  0.1  H  Ha -acetate  show  that  its 
reduction  potential  E  »  — l.l4  V  and  its  half  wave 
potential  E1/2  “  ”1.^0  V^as  for  dlmethylglyoxlme 
(see  curve  3  la  the  diagram).  From  experiments 
on  the  determination  of  N1  with  cyclohexanedione- 
dioxlme  In  solutions  of  pure  Hi  salts  in  the 
presence  of  different  electrolytes,  it  was  shown 
that  a  solution  of  Na-acetate  or  of  the  sulfate 
of  an  alkali  metal  In  the  presence  of  ammonia  could 
be  used  as  base  electrolytes.  From  Table  4  it  can 
be  seen  that  the  determination  of  Hi  with  this 
reagent  can  be  carried  out  with  an  asmoniacal  com¬ 
plex,  which  distinguishes  it  from  dlmethylglyoxime. 

Titration  of  Nickel  In  the  Presence  of.  Zinc.  The  possibility  of  determining  . 
N1  with  cyclohexanedione-dioxlme  in  ammoniatal  solution  is  of  particular  Interest 
for  the  use  of  this  reagent  in  the  titration  of. Hi  in  the  presence  of  Zo,  since  the 


The  reagent  was  made  In  Prof.  A,  P.  Terentev*  s  laboratory  (Moscow  State 
University)  by  A.  I.  Guseva  by  a  method  developed  at  the  Institute  for  Chemical 
Reagents). 


TABU  k  ■ 


Expt. 

No. 

Base  Electrolyte 

VoL, In 
ml 

1 

0.77 

O.IN  CHsCOzNa 

10  ' 

0.77. 

.  0-. 

2 

1.55 

Ditto 

20 

1.55 

0 

3 

1.55 

O.IN  1C2S04  ♦  1  ml  10^ 

MUCH 

20 

1.55  . 

0 

k 

1.55 

O.IN  KzSO^  ♦  5  al  10^ 
NEiOH 

20 

1.58 

40.03 

latter  combines  to  fora  an  ammcnlacal  complex  and  does  not  Interfere  vltb  the 
determination  of  Nl. 

Under  these  conditions  a  clearly  defined  curve  Is  obtained  which  gives 
reproducible  equivalence  points,  ...  ■  '  - 

The  results  In  Table  5  show  that  an  excess  of  1  ml  RH3  Is  sufficient,. 
0.1  N  Ka-acetate  was  used  as  the  base  electrolyte# 

TABU  ^  .  . 


Amount  of  171  mg,  voL  20  ml,  NH4OH  10^ 


Expt. 

No. 

Ni:Zn 

Base  Electrolyte 

HBSISflHii 

1 

.. 

O.IN  CBaCOzKa  •. 

1.55 

0 

2 

1:5 

O.IN  CH3C02Na  4-  1  nl  NEiOH 

1.50 

-0.05 

3 

1:5 

O.IN  CH3C02Na  *4  5  bi1  NH4OH 

1.57 

40.02 

b 

1:7 

Ditto 

.1.55 

-0.02 

5 

1:10 

• 

1.55 

0.00 

6 

1:15 

n 

1>63 

40.od 

7 

1:15 

O.IN  CHaCOgNa  4-  7  nl  NH4OH 

1.55 

0.00 

8 

1:20 

O.IN  CH3C02Sa  4-  10  ml  ilEfcOH 

1.57  .  *  ■ 

40.02- 

9 

1:50 

0..1N  CHaCOaNa  ♦  12  ml  NH4OH  . 

1.5^ 

-0.01  . 

Titration  of  Nickel  with  Cyclohexanedlone-Dloxlme  In  the  Presence  of  Alunlnua 
and  Iron.  After  a  number  of  preliminary  experiments  It  was  established  that  In 
the  presence  of  Al,  Nl  can  be  titrated  with  sufficient  accuracy  if  Ka-tartrate  with 
added  ammonia  was  used  as  the  base  electrolyte.  Under  these  conditions  A1  end  Nl 
are  In  the  fora  of  complex  compounds. 

In  contrast  to  titration’ of  Nl  with  dlaethylglyoxlme  with  Na-tartrate  with 
added  ammonia  as  base  electrolytes,  titration  with  cyclohexanedlone-dloxlme 
proceeds  without  any  complications  because  the  precipitate  separates  rapidly. 

The  obvious  reason  Is  the  smaller  solubility  .of  Nl«cyclobexanedlone-dloxlaa 
as  compared  with  Nl>dimethylglyoxloe, 

Satisfactory  reaults  were  obtained  for  ratios  of  N1;A1  from  1:1  to. 1:70, 

Favorable  results  for  the  determination  of  Nl  In  the’  presence  of  Fe  vers  •• 
obtained  with  either  Na-acetate  or  Ka-cltrate  as  base  electrolytes,,  ammonia  being 
added  in  both  cases.  Results  are  given  In  Table  ?•  * 

Complete  satisfactory  results  were  obtained  for  ratios  of  Nl:Fe  of  i:60; • 
results  In  Table  7  show  thdl%  at  ratios' of  NlzFe  ><1*20  and  over  that,  Fe  probably 
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TAB1£  6  forme  a  stable  complex  compound  vlth 

.  4.  «  IJ4  •  ««  - _ 1  ort  -1  Ha-cltrate.  All  these  results  show 

Amount  of  Hi  ..^5  ng-  voL  20  ml,  base  4.v  «.  -i  v  j  i. 

^  4.  ^  ^  k  eye lohexened lone -dloxloe  has 

electrolyte  In  all  the  experiments  4  j  »4  4I  j  4  jj  4.*.  <•  % 

t  4.  4--*  -14  4.4iT-/^ti/N  definite  advantages  over  dlmethylgly- 

ml  saturated  sodium  acetate  Na2C4H405  4>  4,v  4.  44  4  ^  5  ^ 

-4  li  Ht»  OH  -  o  oxime.  In  that  It  gives  a  compound 

>  U  ml  of  10^  NH4OH _ _  characterleed  by  a 

Expt.  1^1  :A1  Ri  found  Error  in  greater  stability  In  ammonlacal  media, 

Ko.  In  mg _ mg  which  enables  III  to  be  determined  In 

-  1.10  1  S’i  -o  00  presence  of  large  amounts  of  Fe  and 

^  •  1*00  1  nnn  Al, and  enables  N1  to  be  determined  In 

3  lilo  1:53  -o!^  presence  of  Zn  as  veil. 

4  1:50  1.54  -0,01  Use  of  a^Furlldlcxlae 

a-Furlldloxlme  was  Investigated 
by  V.  M.  Peshkova  for  use  la  the 
gravimetric  and  colorimetric  detemlna 
tlon  of  Nl.  In  the  present  work  a  0.012  M  alcoholic  solution  of  this  reagent  was 
used.  a-Furlldloxlme  gives  a  reddish-terracotta  colored  precipitate  vlth  Nl.  Th 
reduction  potential  of  the  reagent  in  a  base  electrolyte  of  0.1  N  Ka -acetate  vaa 
found  to  be  E  **  -l.l4  V  and  Its  half  wave  potential  Zxj2  *  ”“1.40  V. 

This  reagent  Is  not  suitable  for  the  amperoaetrlc  titration  of  Nl  since  the 
precipitate  does  not  form  readily  and  only  slowly  coagulates  at  room  temperature. 


Expt. 

No. 


N1;Fb 


TABLE  7 

Amount  of  Nl  I.03  mg,  vol.20  ml,  BH4OH  10^1 


Base  Electrolyte 


O.IN  CHaCOzKa  ♦  1  ml  lOUOH 
IN  CH3C02Na  ♦  1  ml  RH4OH 
23  CHaCOern  ♦  1  ml  NH4OH  . 

4  ml  saturated  sodium  citrate 
♦  1  al  NH4OH 
Ditto 


1.55 

0.00 

1.56 

■fO.Ol 

1.51 

-0.04 

1.53 

0.00 

1.56 

•fO.Ol 

1.60 

+0.05 

Alloy  used 


Chromenlckel  steel 

Hanganesenlckel  alloy 
Nlckelalumlnua  alloy 
Nlchrome 


TABLE  Q 


Elemental  compos Itlq 


Fe  .  Cr 


8.33  I  73.70  i  18.00  I  - 


76.50 

98.00 

60.00  •'  20.0  20.0 


2.00  23.50 


Electroreslstance  steel  I  10.00  I  77.0  I  13-0 


Nl  determined 
anperometrl* 
call 


8.30 

3.24 

76.20 

98.70 

60.08 

60.02 

9.93 

10.02 


The  results  obtained  by  the  methods  described  above  were  checked  by  analyses 
of  several  samples  of  Nl  alloys  of  known  composition. 


Results  given  In  Table  8  show  that  Nl  can  be  determined  by  amjperonetrlc 
titration  fairly  accurately  In  alloys  containing  up  to  60^  Nl, 

SUMMARY 

1.  Ulaethylglyoxlme,  Na-dlmethylglyoxlme  and  cyclohexanedlone-dloxlffle  can 

be  used  for  the  aaperometrlc  titration  of  Nl  In  pure  Nl  salts  end  In  the  presence . 
of  Fe^%  Al^‘*’,  and  Zn*”*'.  ^  *  • 

2.  For  titration  vlth  dime  thy  Iglyoxlme,  Na>acetate  la ’recommended  as  the  ’’ 
base  electrolyte. 

3.  Titration  can  be  carried  out  at  room  temperature  without  the  necessity 
of  excludlon  of  oxygen  from  the  solution. 

Cyclohexanedlone-dloxlme  is  preferred  to  dime  thy  Iglyoxlae  and  Na>dlfflethyl« 
glyoxlxae  because  it  can  be  used  for.  the  determination  of  Nl  In  the  presence  of 
large  amounts  of  Al,  Fe,  Cr  and  Za?'^, 

5.  It  has  been  confirmed  by  amperometrlc  titration  that  Nl-cyclohexanedlon^ 
dloxlce  Is  more  stable  than  Nl>dlmcthylglyoxlme.-  . 

6.  It  has  been  established  that  the  dloxlnes  tested  are  reduced  at  the  same 
potential;  the  half  wave  potential  £1^2  ■  *“1.^  V, 
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THE  CONDUCTOKETRIC  TITRATION  OF  ZINC  WJTH  BARIUM  HYEROXIEB 

Y.  V.  Udovenko  and  0.  B.  Faeovskaya 
Central  Aslan  State  University,  Tashkent 


The  conductometric  titration  of  Zn  with  Ba(0H)2  has  heen  described  by  Kolthof 
[ll.  Kolthof  shoved  that  as  the  result  of  the  formation  of  basic  salts  the 
electroconductivity  changes  with  time  and  the  method  does  not  seem  to  be  suffi¬ 
ciently  accurate.  With  time  the  electroconductivity  can  often  change  continuously 
as  a  result  of  the  adsorption  of  Ions  on  the  precipitate  which  separates  out.  la 
order  to  elucidate  the  reasons  for  the  change  of  electroconductivity  with  time 
during  the  titration  of  Zn  Ions  with  Ba(0H)2  It  is  necessary  therefore  to  exclude 
the  effect  of  adsorption  by  precipitate  ions.  To  do  this,  the  titration  of  Za 
should  be  carried  out  la  the  presence  of  some  material  which  will  be  preferential¬ 
ly  adsorbed  on  the  precipitate  which  separates  out  before  the  Zn  Ions  and  the  Ions 
of  the  reagent  added,  KMnO^  can  be  used  for  this  purpose,  since  la  its  presence^ 
as  shown  by  preliminary  experiments,  a  colored  precipitate  of  zinc  hydroxide  and 
BeS04  can  be  obtained  [2).  Consequently, during  the  conductometric  titration  of 
ZnS04  with  Ba(0H)2  In  the  presence  of  Kl-?n04  it  Is  to  be  expected  that  permanganate 
Ions  will  be  preferentially  adsorbed  on  the  precipitates  of  zinc  hydroxide  and 
BaS04  formed. 

It  was  shown  experimentally  that  on  titrating  solutions  of  ZnS04,  addition  of 
each  portion  of  excess  reagent  leads  to  a  continuous  change  In  the  electroconduc- 
tlvlty  after  the  equivalence  point  has  been  reached.  This  hampers  the  titration, 
and  in  the  case  of  very  weak  solutions, makes  titration  impossible.  If  the  ZnS04 
.is  titrated  In  the  presence  of  KMn04  the  clectroconductlvlty  does  xiot  change  with 
tine.  This  fact  is  the  basis  of  the  n>ethod  for  the  determination  of  Zn  iocs 
with  Ba(0H)2  described  below. 

30  ml  of  aqueous  ZnS04  was  placed  in  the  vessel  for  conductometric  titration;^ 
and  a  snail  amount  of  well  washed,  dry  (old)  EaS04  and  1-2  ml  of  a  saturated 
KMn04  solution  added.  The  solution  was  carefully  stirred  and  conductometrically 
titrated  with  Ba(0H)2*  The  Ba(0B)2  vas  titrated  against  e  solution  of  ZnS04 
known  concentration  (Table  1). 

Aqueous  solutions  of  ZnS04  can  be  titrated  at  concentrations  of  0.01  N.  At 
lover  concentrations  the  experimental  error  Increases  considerably.  It  should  be 
noted  that  when  ZnS04  is  titrated  by  the  method  described  a  change  of  the  electro- 
conductivity  with  time  Is  still  observed.  This  occurs  when  a  lot  of  precipitate 
settles  out  and  the  amount  of  KKa04  is  insufficient;  in  such  a  case  the  amount  of 
KMn04  should  be  increaced  until  it  is  considerably  greater  than  the  amount  adsorbed 
on  the  precipitate  which  settles  out.  Only  In  such  a  case  where  adsorption  .of 
permanganate  ions  occurs  will  the  change  in  concentration  of  these  ions  in  the 
solution  be  small  and  not  affect  the  magnitude  of  the  electroconductivity. 

■  When  very  dilute  solutions  of  ZnS04  titrated  the  clectroconductlvlty  can 
change  with  time  as  a  result  of  the  slow  crystallization  of  the  BaS04  precipitated. 
Results  of  titrations  can  be  Improved  by  the  addition  of  dry  BaS04,  which  will 
hinder  the  formation  of  super-saturated  solutloxis. 

The  same  method  can  be  used  for  the  titration  of  Zn-chloride,  nitrate  and 
acetate  respectively,  but  the  shape  of  the  curves  obtained  will  differ  Troa  that 


obtained  vlth  ZnS04.  When  ZnS04  la  titrated  with  Ba(0H)2  the  Zn  Iona  separate 
froa  solution  by  forming  a  hydrated  zinc  oxide, while  the  SO4  Ions  are  removed  aa 
BaS04.  As  a  result,  up  to  the  equivalence  point  the  electroconductivity  will 
drop  rapidly.  After  the  equivalence  point,  the  Ba  and  OH  Ions  appear  and  consi¬ 
derably  Increase  the  electroconductivity.  The  conductometric  curve  for  ZnS04 
will  therefore  have  on  acute  angle.  When  Zn-chlorlde,  nitrate  or  acetate  ore 
titrated  vlth  Ba(0H)2,only  the  Zn  Ions  are  precipitated  from  solution, while 
Instead  of  these  the  less  mobile  Ba  Ions  are  formed.  In  these  coses,  therefore, 
the  electro  conductivity  will  not  drop  so  rapidly  and  the  angle  between  the  two 
branches  of  the  curve  will  be  obtuse, so  that  determination  of  the  equivalence 
point  by  means  of  such  a  ciurve  will  be  subject  to  rather  large  errors. 

Titration  of  dilute  solutions  of  Zn-chlorlde,  nitrate  or  acetate  Is  accom¬ 
panied  by  a  change  In  the  electroconductivity  with  time, which  hampers  the 
determination  of  the  equivalence  point.  Nevertheless,  In  the  presence  of  KMn04, 
the  equivalence  point  can  still  be  found  vlth  a  fair  degree  of  accuracy  as  the 
results  In  Tables  2,3  and  U  show.  Solutions  of  5^-chlorlde,  nitrate  and  acetate 
vlth  concentrations  less  than  0.002  N  can  be  titrated  with  an  error  of  ca.l^l, 

Cd  and  Cu  Interfere  vlth  the  determination  of  Za,  • 

By  this  method  solutions  of  ZnS04  containing  small  amounts  of  CUSO4  can  be 
titrated.  In  order  to  do  this  it  Is  necessary  to  remove  the  Cu  Ions  In  the  fora 
of  some  Insoluble  compound, e.g.  the  Iodide, 


•TABIZ  1 


ZnS04 


1  Found 

1  Error 

1  In.ag _ 

In  4 

20. 9U 

20.91 

.  0.2 

15.70 

15.67  . 

0.2 

10.  U7 

•  10.80 

’  5.1 

TABIZ  2  ■ 


Zn ( CH3C00 ) 2 


Taken 
in  mg 

Found 

In  mg  . 

Error 
In  i 

16.63 

16.63 

0.0 

11.09 

11.12 

0.3 

5.58 

0.7 

1.85 

1.95 

5.7 

TABLE  3 

■  TABLE  h 

•  • 

Zn 

NOa)? 

ZnClj* 

Taken  j 

In  mg  j 

Found 

In  ng 

Error 

In  i 

Taken 

In  mg 

Found 

In  mg 

Error 
In  i 

11.97 

11.97 

0.0 

11.07 

11.10 

0.3 

7.18 

7.19 

0.2 

6.92 

6.93 

0.2 

1.19 

1.21 

1.7 

2.77 

2.79 

0.8 

Before  titrating  solutions  of  ZnS04  containing  CuS04,lt  Is  necessary  to  add 
another  adsorbent  instead  of  KMn04,  viz. a  saturated  solution  of  methylene  violet, 

A  dry  precipitate  of  Ba304  Is  also  added.  In  order  to  avoid  separation  of  free 
Iodine,  a  few  drops  of  Na-thlosulfate  Is  added  to  the  solution  followed  by  a  few 
drops  of  KI.  The  solution  Is  subsequently  stirred  thoroughly  and  conductometri¬ 
cally  titrated  with  Ba(0H)2.  Results  are  given  In  Table  5* 

It  has  been  previously  observed  that  on  titration  of  Zn-chlorlde,  nltrat^  or 
acetate  with  Ba(0H)2,  the  respective  Ba  salt  is  formed.  Being  good  electrolytes 
•they  considerably  Increase  the  electroconductivity  of  the  solution  at  the  equlva- 
lence  point,  so  that  the  angle  between  the  two  branches  of  the  conductometric  curve 
becomes  considerably  greater  than  that  of  the  conductometric  curve  for  ZnS04.  Froa 
this  It  follows  that  the  angle  between  the  two  branches  of  the  curve  will  be  greater 
the  higher  the  conductivity  of  the  solution  at  the  equivalence  point.  Therefore^ 

In  the. titration  of  ZnS04  with  Ba(0B)2  in  the  presence  of  Cu  ions, the  angle  between 
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the  branches  of  the  curve  vlll  Increase  since  electrolytes  (KI  and  17828203)  are 
added  before  titration  vhlch  Increase  the  electroconductivity  at  the  equivalence 
point  considerably.  This  in  turn  leads  to  a  greater  experimental  error. 

In  cases  where  the  ZnS04  solution  contains  large  amounts  of  Cu  It  is  necessary 
to  Increase  the  amount  of  thiosulfate  and  KI;  this  leads  to  an  Increase  in  the 
angle  between  the  two  branches  of  the  conductometric  carve  and  consequently  to  a 
greater  experimental  error.  In  order  that  the  Increase  In  experimental  error  be 
as  small  as  possible,  It  Is  recommended  that  use  of  excess  KI  and  Na2S203  be  avoided. 
The  necessary  amount  can  be  determined  by  preliminary  experiments.  If  titrations 
are  made  In  the  absence  of  methylene  violet,  low  results  are  obtained. 

Special  attention  should  be  given  to  the  cleanliness  of  the  titration  vessel; 
care  should  be  taken  to  remove  precipitated  Zn  hydroxide  and  BaS04, vhlch  separates 
out  on  the  walls  and  on  the  electrodes, 

TABI£  5 

Determination  of  N1  In  Mixtures  of  Zinc  and  Copper  Sulfates 


Taken, 

In  mg 

Found  Zn, ’ In  mg 

Error, 

Zn 

Cu 

76.8 

U.l 

76.6 

0.3 

76.8 

20.7 

76.4 

0.5 

76.8 

U1.3 

76.1 

0.9 

76.8 

62.6 

75.7 

l.k 

SUMMARY 

A  method  for  the  titration  of  Zn  salts  with  Ba(0H)2  has  been  pa*oposed. 

It  has  been  established  that  In  the  titration  of  aqueous  solutions  of  ZnS04  down 
to  concentrations  of  0.01  N,  the  electroconductivity  changes  with  time  after 
addition  of  the  reagent,  mainly  because  of  the  adsorption  o.f  lone  of  the  added 
reagent  and  the  precipitate  formed.  It  has  been  shown  that  Zn  can  be  titrated 
In  the  presence .of  small  amounts  of  Cu* 
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CCr.'!X;CTO.*J"TRi;  ’STERMINATION  of  potassium  by  means,  of  sodium  picratb 
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>  usually  determined  by  means  of  the  chloroplatlnate,  perchlorate  . 
and  cobalton:**  Itt  methods.  Among  other  methods,  the  polarographlc,  colorimetric., 
atd.  vefx<‘';tc>;*.i^lc  methods  may  be  mentioned.  The  conductometric  method  la  rarely 
uc^d  becr.ust-  the  precipitate  crystals  fona  slowly,  so  that  the  electroconductivity 
of  "«he  solution  chat:.^e3  with  time  over  a  prolonged  period. 

Of  the  condur-tcc'itrlc  methods  for  the  determination  of  potassium  known  to  u^. 
thj  following  mcy  be  mertioned.  Jander  and  Pfundt  [l]  recommend  titration  of  • 
potasBium  conductomj-trl-ally  with  sodium  perchlorate  at  0*.  The  authors  note  that, 
the  ele«:crocoouuccl''lty  of  the  solution  does  not  stabilize  Immediately  after  add!-* 
•Mon  of  the  rcsgeaC ’because  of  the  slow  crystallization  of  the  precipitate. 

Wln*;s>l  :ind  MJ..43  [2]  titrated  potassium  salts  conductometrically  with  dlplo>- 
r/l®*  This  w#»5  effected  by  precipitating  the  potassium  by  addition  of  a 

soluble  tc  ylamine  salt,  dissolving  the  filtered  precipitate  In  acetone,  diluting 

u'ater  *‘o  a  flre^i  ocetone  concentration  of  20-50^  and  titrating  with  0.1  H  ECl- 
U-*  C-.0\  N  naphtha  lone -a-sulfonlc  acid.  The  accuracy  of  their  method  was  +0.5)t. - 
It  vzi  »  3teU  th--*t  afr«r  addition  of  the  first  portion  of  acid  the  electroconductl-; 
■^ity  chac^e-d  s.'culy  with  time  because  of  the  slow  crystallization  of  the  dlplcryl— 
which  5ejj<r«  cd  out.  This  change  in  the  electroconductivity  persisted 
until  a  buffl'tlenc  numX'er  of  crystals  had  formed,  after  which  addition  of  reagent^ 
did  i.ot  lecc*  tr  a  change  of  electroconductivity  with  time. .  It  is  possible  to 
przcipltate  pocussliu?  by  titrating  It  against  a.  known  amount  of  an  aqueous  sola-- 
t*.cn  of  Frlubie  s"  t  ol  diplcrylanlne,  such  as  the  magnesium  salt.  filtrate 

•containing  cxQesa  c *.  tlv?  soluble  salt  of  dlpicrylaalne  Is  then  titrated  with  acid,, 
vhen  tie  dlplcryinniue  lonned 'separates  out* as  a  precipitate. 

Portnav  and  Afanasev  f3]  titrated  potassium  In  an  aqueous-alcoholic  medium 
with  a  sol*  .'iwU  of  fluoslliclc  acid  conductometrically.  The  electroconductivity, 
cliarige'*  uy-- h  time  as  a  result  of  tte  slow  formation  of  precipitate.  The  accuracy, 
of  thl*-  suithod  vas  ’2-2.5^.  lliese  authors  changed  the  Indirect  method  of  Wlnkel 
anc  Mass  *or  the  '"etermlnatlon  of  potassium.  The  accuracy  varied  from  0.6*  to  ' 
l.p;^  Bcc'.iing  to  ihi-  bB'Ouct  of  potassium,. 

Ve  vrop’if.  thri  .sodium  plcrate  be  used  for  the  determination  of  potassium. 
Titration  Is  coirled  cut  In  aqueous  solution,  since  preliminary  e-fjerlrents 
shoved  the:  ulwiatic:.-  alcoholic  solution  did  not  Improve  ■*he  results. 

The  expcrineiit-'l  method  Is  briefly  as  follows.  A  known  volume  of  the  stan¬ 
dard  Bodl’:fl  pl;,rete  s-^lu-i’.lon  la  placed  In  the  vessel  for  titration,  and  a  small 
amcutit  of  dry  pota»  Iwm  plcrate  added.  The  test  solution  ccT.talilng  potassium 
chloride  K.cd  sodium  chloride  Is  then  added.  The  solution  Is  carefully  mixed  and 
the  excess  sodium  plcrate  backtltrated  with  potassium  chicrfde  of  kncwn  strength. 
When  this  method  Ic  used  the  electroconductivity  reoches  its  equilibrium  value 
•liapiediately  after  addition  of  the  reagent.  ’  ■  * 


satur.l 


•  souium  plcrate  solution  used  as  reagent  was  prepared  by  diluting  a 
^  olutlon  of  it  to  twice  Its  volume  with  distilled  water.  The  strength- 


liO-  l8l 
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of  this  solu* Ion  vas  established  by  conductometric  titration  of  a  known  volume  of 
♦he  sodium  plcrate  solution  with  a  solution  of  standard  potassium  chloride  In  the 
presence  of  a  snail  amount  of  dry  potassium  plx:rate  which  is  added  to  the  solution. 

Results  obtained  for  the  determination  of  potassium  by  the  method  described 
above  (Table  l)  show  that  the  experimental  error  Is  approximately  2^.  According 
to  Table  2  any  sodium  chloride  present  does  not  Interfere  with  the  determination. 

TABLE  1  •  •  •  TABLE  2 


Determination  of  potasalicn  with  Determination  of  potassium  in  the 

sodium  plcrate  •  presence  of  sodium 


The  method  described  uud  he  used  for  mass  determinations  of  potassium  in 
different  samples.  A  known  weight  of  test  sample  Is  dissolved  and, after  separa-  . 
tlon  of  the  accompanying  cations,  the  alkali  metals  remaining  are  converted  -Into 
the  chlorides.  The  latter  are  dissolved  In  a  small  amount  of  distilled  water 
and  added  to  the  sodium  plcrate  solution.  The  excess  sodium  plcrate  Is  then 
determined  as  described  above.  The  erx*or  of  the  method  suggested  for  determlna* 
tlon  of  potassium  Is  of  the  same  order  as  the  fluoslllcic  and  dlpicrylamli^  methods. 
The  advantages  of  this  method  are:  a  low  temperature  thermostat  as  used  In  the 
perchlorate  method  Is  unnecessary;  no  alcohol  Is  required  as  In  the  fluoslllcic 
method;  no  filtration  Is  cecessrr^  as  in  the  dlplcrylamlne  method. 

SUMMARI  • 

A  method  is  proposed  for  the  determination  of  potassium  by  means  of  sodium 
piente.  The  method  consists  in  adding  a  known  amount  of  test  solution  to  a 
known. amount  of  the  reagent  solution—  sodium  plcrate  —  excess  of  which  la  back- 
titrated  with  potassium  chloride.  .  It  has  been  shown  that  sodium  Ions  present  In 
the  test  solution  do  not  Interfere  with  the  potassium  determination. 
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TIIE  CKROKOKBTRIC  EETERMINATIOIf  OF  EIZCTROmB  CONCENTRATIONS 

1.  EETERMINATION  OF  THE  CONCENTRATIONS  OF  THIOSULFATE  AND  ACID  IN  THEIR 

REACTION  MIXTURE. 

E.  N.  Ponomarev* 
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Many  reactions  In  vhlch  organic  materials  participate  proceed  fairly  slowly. 

In  such  coses  It  Is  expedient  to  carry  put  determinations  on  the  concentration  of 
reactants  at  definite  time  Intervals  from  the  amounts  of  reaction  products  formed. 
When  a  precipitate  Is  formed  It  Is  very  convenient  to  use  a  chronometrlc  method 
for  the  determination  of  the  concentrations  of  the  organic  reagents  [1], 

This  method  Is  also  applicable  for  reactions  between  organic  and  inorganic* 
compounds.  Thus  the  reactions  between  aldehydes  and  ammonia  [2]  or  methyl 
ketones  with  Iodine  (3,^3  are  used  for  this  purpose.  In  such  cases  the  quantita¬ 
tive  determination  of  both  the  organic  and  mineral  compounds  is  possible. 

Nevertheless,  the  application  of  this  rapid  method  for  the  determination  of 
the  concentration  of  only  the  mineral  components  during  their  mutual  Interaction 
has  not  yet  been  realized.  The  present  communication  Is  devoted  to  a  number  of 
Investigations  along  these  lines. 

In  order  to  develop  pur  method  of  Investigation  we  decided  to  concentrate  on 
the  reaction  between  thiosulfate  and  acid  as  being  the  most  suitable  for  the  • 
purpose  In  view.  Vhen  thiosulfate. reacts  with  acid  there  Is  an  Induction  period, 
as  a  consequence  of  which  the  turbidity  vhlch  develops  because  of  the  formation  of 
sulfur  does  not  ocPur  Immediately.  This  time  can  be  measured  by  a  stop  watch  and 
consequently  the  chronometrlc  principle  can  be  used  for  the  determination  of  the' 
concentration  of  one  of  these  reactants. 

EXPERE-ENTAL 

Detemlnation  of  the  Conce’ntratlon  of  Thiosulfate  Solutions.  Normal  solu¬ 
tions  of  HCl  and  Na^SsOa  were  used  as  the  base  solutions.  The  other  solutions 
iised  were  prepared  from  these  by  dilution  to  the  requisite  concentrations. 

The  method  used  was  as  follows;  1  ml  of  the  thiosulfate  solution  was  mixed 
with  1  ml  of  acid  and  the  time  from  the  Initiation  of  the  reaction  to  the' moment 
vhen  turbidity  appears  was  measured  with  a  stop  watch. 

For  Increasing  the  accuracy  of  the  results  we  used  standard  turbidities 
prepared  as  described  by  Nikitin  and  Vershinsky  [5l» 

The  results  of  the  concentration  of  thiosulfate  solutions  as  determined  by 
reaction  with  hydrochloric  acid  are  given  In  Table  1, 

If  the  results  given  In. Table  1  for  the  velocity  with  which  the  given  mixtures 
become  turbid  are  represented  graphically,  with  the  thiosulfate  concentration 
along  the  X-axis  (In  g-equlv. /liter)  and  the  time  from  the  beginning  of  the  reac¬ 
tion  to  the. onset  ot  turbidity  along  the  T-axls, then  turbidity  Isothex^  are  ob¬ 
tained  as  shown  t.'Z*  !•  .  . 
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However,  If  the  Inverse  value  of  the  thiosulfate  concentration  la  used  ae  In 
Nikitin's  method  [ij,  i.e,  the  degree  of  dilution,  the  turbidity  Isothenna  of 
Fig.  1  assume  a  totally  different  form  (Fig.  2), 

TABUS  1 

Rate  with  which  Mixtures  of  Thiosulfate  and  Hydrochloric  Acid  become  Turbid  in 
Relation  to  Thiosulfate  Concentration;  t*«  l4,5* 


Expt. 

No. 

Cone,  of 
thiosulfate  In 
g-equlvyilter 

Turbidity  velocity. In  seconds 

I 

II 

III 

IV 

■■ 

■’  Mean 

1 

1.000 

9.6 

9.2 

9.0 

9.4 

9.2 

9.30 

2 

0.833 

10.8 

10.8 

10.6 

10.6 

10.6 

10.70 

3 

0.750 

12.8 

12.2 

12.0 

11.8 

12.2 

12.10 

4 

0.666 

13.3 

13.3 

12.2 

13.0 

13.0 

13.14 

5 

0.500 

17.3 

17.5 

17.0 

17.0 

17.2 

17.20 

6 

0.U17 

20.7 

20.3 

20.8 

20.4 

20.4 

20.50 

7 

0.375 

22.8 

22.8 

22.4 

22.2 

22.3 

22.50 

8 

0.333 

25.3 

25.6 

25.0 

25.4 

25.2 

25.30 

9 

0.250 

34.0 

33.4 

32.3 

34.0 

32.9 

33.50 

Here  (Fig. 2)  the  value  of  2,vhlch  expresses  the  supplementary  volume  of 
solvent  necessary  to  dilute  the  control  (base  solution),  to  a  definite  concentra* 
tion  Is  plotted  horizontally, •  ,  •  '  •  .  • 
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Flg.l.  Turbidity  Isotherm  for 
mixtures  of  HCl  +  Na2S203. 
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Fig. 2.  Turbidity  Isotherm  for  mlarturea 
of  HCl  '♦  Ka2S203  when  degree  of  dilu¬ 
tion  Is  plotted  along  the  composition 
axis. .  •  •  • 


If  one  volume  of  control  solution  la  diluted  n  times,  then  the  ratio  of  the 
concentration  of  this  solution  to  the  Initial  concentration  Is  expressed  by  the 
relation:  ’  •  ’ 


S.n, 


(1) 


This  signifies  that  the  volume  z  of  the  added  solvent  to  give  a.  definite 
dilution  can  easily  be  calculated  from  the  relation  .  - 


I  ♦  z.  * 


(2) 


Results  are  given  for  the  calculation  of  z  for  the  solutions  of  Table  1, 
in  Table  2.  ‘  ~ 

These  values  of  x  are  also  plotted  along  the  "composition*  axis  in  Fig.2, 

The  linear  form  of  the  turbidity  isotherm  simplifies  the  method  of  deter¬ 
mining  the  concentration  of  thiosulfate  solutions  [l],,  Ve  prepared  a  control  (base) 
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eolutlon  of  thiosulfate  for  vhlch  the  velocity  of  development  of  turbidity  ti 
VOS  determined  on  Interaction  with  acid.  After  dilution  to  twice  Its  volume  • 
with  water,  the  new  velocity  t2  was  determined.  The  velocity  was  then  determined 
for  a  test  solution  In  exactly  the  same  way^  t^^.  Prom  an  equation  for  the  straight 
line  with  two  known  point st  “  •  .  •  . 


for  2i  *  0  and  za  ■  3,  ve  getj 


r.  ?X,  .  vx  "  Vi  . 

Zz  ~  2i  V2  -  Vi  * 


V2  -  Vi' 


TABLE  2 

Calculated  Values  of  z  for  Thiosulfate  Solutions 


z  «  n  -  1 


1  0.750 

0.666 

0.500 

0.417 

0.375 

0.333 

0.33 

0.50 

1.00 

1.42 

1.67 

2.00 

Consequently,  the  value  of  _z  was  determined  from  experimental  results.  By 
substitution  in  Equation  (1)  of  the  value  of  n  from  Equation  (2),  we  get 


5- 


(5) 


The  value  of  z  from  Equation  (4)  is  substituted  in  Equation  (?): 


Prom  this  we  obtain  the*  final  equation  for*  calculation  of  the  concentrations: 

*  *  TTTSZSl*  (^) 


*  *  1  -  ■Ti*  (^) 

V2  -  Vi 

Results  for’ determinations  of  the  concentration  of  sodium  thiosulfate  sblu* 
tions  in  reaction  mixtures  with  hydrochloric  acid  are  given  in  Table  3- 

Prom  this  table  it  Is  clear  that  this  rapid  method  which  we  have  described 
for  determining  the  concentration  of  sodium  thiosulfate  solutions  gives  completely 
satisfactory  results.  When  otl^r  acids  are  used  for  this  reaction,  similar  iresulta 
were  obtained. 

Detenr.lratlon  of  Acid  Concentration,  In  order  to  determlrje  t'ne  order  of  the 
chemical  reaction  considered  with  respect  to  acid  we  carried  out  a  number  of 
experiments  In  which  the  acid  concentration  was  varied.  The  results  for  the  deter¬ 
mination  of  the  velocity  of  development  of  turbidity  of  the  reacting  mixtures  ore 
given  in  Table  U, 

The  results  given  in.  Table  4  are  represented  graphically  in  Fig.  3* 

Eig.  3  vas  drawn  in  the  same  way  as  Pig. 2,  l.e.  the  degree  of  dilution  by 
addition  of  z  volumes  of  solvent  was  plotted  along  the  composition  axis.  The 
isotherm  obtained  (Plg.3) , shows  that  the  change  in  concentration  of  acid  from 
4.0-0.0312  N  has  practically  no  effect  on  the  reaction  velocity  (velocity  of 
development  of  turbidity);  the  Isotherm  Is  parallel  to  the  abscissa  for  the 
concentrations  indicated.  It  is  only  below  concentrations  of  0.0312  H  that  the 


straight  lice  Isotherm  starts  to  curve  upvards  steepl/. 

This  break  In  the  curve  occurs  at  ratios  of  acid  to  thloauifatc  not  greater 
than  0.03  equlv,  to  1  equlv  thiosulfate. 

Thus,  determination  of  acid  by  this  method  (l.e,  by  reaction  with  thlosul- 
fate)  Is  possible  only  In  those  cases  where  the  concentration  of  thiosulfate 
will  be  several  times  greater  than  that  of  the  acid. 

If  a  solution  0.0312  N  with  respect  to‘  acid  Is  used  as  the  base  sol  for 
lover  concentrations.  It  Is  easy  to  determine  the  concentration  of  the  acid  by 
the  velocity  of  turbidity  development  by  reacting  the  solution  with  thiosulfate. 
Results  for  the  determination  of  h^'drochlorlc  acid  concentration  by  reacting 
solutions  with  thiosulfate  are  given  In  Table  3* 


TABIE  3 


Relative  Errors  In  the  Determination  of  the  Concentration  of  Thiosulfate  Solutions 


Expt. 

No.  . 

Concentration 

of  thiosulfate 
'  taken  In 
g-equl\t/llter 

Concentration 

of  thiosulfate 
found  In 
K-equlv/llter 

.  Relative  error 

1 

1.000 

BUnk  1 

• 

2 

0.832 

0.050 

+2.04 

3 

0.750 

0.728 

-1.60 

k 

0.6^ 

0.673 

♦1.05 

5 

0.500 

Blank  2 

6 

0.4l8 

0.4l4 

+0.24 

7 

0.375 

0.37k 

-0.27 

8 

0.35a 

0.330 

-0.9 

9 

0.250 

0.246 

-1.6 

TABLE  . 

Rate  with  which  Mixtures  of  Thiosulfate  and  Hydrochloric  Acid  become  Turbid  In 

Relation  to  Acid  Concentration,  t  •  19* 


Expt. 

Ro. 

Concentration 

of  acid  In 
g-equlv./llter 

Turbidity 

velocity  In  seconds 

I 

II 

III 

Mean 

1 

4.00000 

6.0  ' 

6.2 

6,0 

6.0 

2  . 

■  2.00000 

6.0 

5.9 

.  6.0 

6.0 

3 

1.00000 

6.3 

6.1 

6.0 

6.1 

4 

0.50000 

7.0 

6.4 

6.6 

6.7 

5  • 

0.25000 

7.0 

7.0 

6.0 

6.3 

6 

0.12500 

6.5 

6.9 

6.8 

6.7 

7 

0.06250 

7.2 

7.4 

6.9 

7.2 

8 

0.03120 

7.2 

7.2 

6.6 

7.0 

9 

0.01560 

8.8 

8.9 

9.0-  ‘ 

•  8.8 

10 

0.00780 

12.2 

11.8 

12.4 

12.2 

11 

0.00390 

20.0 

20.3 

18.7  * 

19.9 

12 

0.00195  - 

34.0 

33.2 

32.8 

33.3 

SUMMAOT 

1.  The  reaction  velocity  between  thiosulfate  and  acid  In  relation  to  the 
concentrations  of  the  components  was  studied  by  a  chronooaetrlc  method. 


TABLE  5 


Results  of  the  Chronometrlc  Determination  of  Concentrations  of  Acid  hy  Reaction 

vlth  Thiosulfate 


Expt. 

No. 

Concentration 
taken  In 
R-equlv/llter 

Concentration 

found  In 
K-equlv/llter 

Relative  error 
in  i 

1 

0. 03120 

Blank  1 

2 

0.01560 

Blank  2 

3 

0.00780 

0.00800 

♦2.5 

k 

0.00390 

0.00382 

-2.0 

5 

0.00195 

0.00200 

♦5.0 

Fig.  3.  Turbidity  Isotherm  for 
ECl  ♦  KaaSaOa  mixtures  vhen  dilu¬ 
tions  of  the  acid  solution  are 
plotted  on  the  composition  axis. 


2.  ■  The  turbidity  Isotherms  obtained 
have  been  Investigated  and  their  analyti¬ 
cal  applications  indicated. 

3.  A  characteristic  of  the  reaction 
vas  discovered,  viz.  that  up  to  a  certain 
concentration  limit  the  reaction  Is  of 
zero  order  vlth  respect  to  acid. 

The  Biethod  described  for  the 
determination  of  electrolyte  concentra¬ 
tion  can  be  used  for  all  reactions  for 
vhlch  an  Induction  period  can  be  ob¬ 
served.  i.e.  the  time  from  the  beginning 
of  the  reaction  to  the  development  of- 
turbidity,  or  color,  etc.  ^ 
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CHRONOMETRIC  EETERMINATIOH  OF  ELECTROLYTE  CONCENTRATIONS 

2.  EETERMINATIOH  OF  SULFITE  ANT)  lODATE  CONCENTRATIONS  •  IN  THEIR  ACIDIFIED  REACTION 

MIXTURES 

E.  If.  Ponomareva 
Saratov  Medical  Institute 


In  our  first  jjaper  [l]  we  showed  how  a  rapid  chronometrlc  method  for  the 
determination  of  turbidity  [2,3l  could  be  applied  to  the  determination  of  electro** 
lyte  concentrations  In  the  case  of  sodium  thlpsulfate  and  hydrochloric  acid.  In 
a  determination  of  this  kind,  the  time  Is  measured  (by  means  of  a  stop  watch)  from 
the  beginning  of  the  reaction  to  the  moment  at  which  turbidity  Is  first  manlferited 
as  the  result  of  the  formation  of  sulfur  and  the  concentrations  calculated  from  a 
special  equation. 

The  chronometrlc  method  can  also  be  used  for  the  quantitative  determination 
of  electrolytes  In  colored  reactions,  where  the  time  from  the  beginning  of  the 
reaction  to  a  moment  at  which  a  definite  color  starts  to  develop  can  be  measured 
with  a  stop  watch.  One  of  the  reactions  of  this  type  which  Is  of  particular 
Importance  Is  that  between  HIO3  and  RaSOa.  This  reaction  has  been  studied  from 
the  point  of  view  of  Its  mechanism  and  Its  external  effects  by  Landolt  (4).  This 
valuable  reaction  has  a  considerable  Induction  period  (the  length  of  time  from' 
the  beginning  of  the  reaction  to  the  appearance  of  free  Iodine);  the  Iodine 
slowly  turns  starch  blue* 

The  final  result  of  a  number  of  reactions  is 

5^2^03  +  2HIO3  «  3^2^04  ♦  R2O  Xe* 

The  separate  Stages  of  which  are  as  follows: 

1)  3R2S03  ♦  HIO3  »  3H2S04  ♦  HI; 

2)  5HI  ♦  HIO3  -  3H20  ♦  JIz; 

3)  HsSOs  ♦  I2  ♦  H20  =  H2S04  ♦  2HI. 

This  Implies  that  Iodine  can  only  be  liberated  In  significant  amovmts  when 
the  E2SO3  has  already  been  used  up.  Thus  Iodine  Is  evolved  (colors  the  starch) 
only  when  there  Is  a  sufficient  excess  of  HIO3  as  an  oxidizing  agent.  The  time 
from  the  beginning  of  the  reaction  to  the  moment  when  the  mixture  becomes  colored 
(thie^mlxture  becomes  colored  throughout  its  volume  slmultaneousiy)  can  be  very 
aCcura'^iy  measured  with  a  stop  watch;  the  Induction  period  depends  both  on  the 
concentration  of  HIO3  and  02803  and  on  other  factors. 

-  As  far  as  we  know  no  Investigator  has  used  this  reaction  for  analytical 
purposes.-  In  our  opinion, nevertheless  it  can  be  used  for  the  quantitative 
determlz^tlon  of  the  original  reactants  themselves  and  of  other  compounds.  ‘ 

What  It  amounts  to  Is  that  any  substance  which  can  participate  In  the 
cxldat Ion-re duct Ion  process  can  affect  the  Induction  period  of  the  reaction.  The 
Induction  period  will  vary  according  to  the  amount  of  the  compounds  added., 
study  of  the'  effect  of  the  concentration  of  these  added  compounds  Is  the  chief 
purpose  of  this  investigation. 


On  practical  grounds  we  thought  It  more  expedient  to  use  KI03  and  NaaSOa  In 
preference  to  the  free  aolds  (UlOs  and  H2S03). 

Slr.ce  the  reaction  between  the  anions  IO3  and  803*“  la  only  poaalble  In  acid 
media,  ve  first  studied  the  effect  of  different  concentrations  of  H2SO4  on  the 
reaction  velocity.  In  addition  it  was  necessary  to  determine  the  effect  of  the 
concentrations  of  the  reactants  themselves, 

TTie  present  paper  la  devoted  to  a  description  of  the  effect  of  H2SO4,  KIO3 
and  i;a2S03  on  the  Induction  period,  A  chronometrlc  method  for  the  determination 
of  KIOs  and  Na2S03  In  solution  Is  suggested. 

EXPERIMENTAL 

Effect  of  Acid  Concentration  on  the  Reaction  Velocity.  The  part  played  by  * 
acid  in  this  reaction  Is  not  restricted  to  the  process  of  liberating  H2SO3  and 
HIO3,  since  the  hydrogen  Ion  concentration  should  also  be  of  considerable  Import¬ 
ance  in  exerting  a  catalytic  effect  on  the  reaction.  Thus,  In  the  determination 
of  Cl*,  together  with  Br*  and  I”  with  NaBrOa  In  the  presence  of  H2SO4  ty  Berg’s 
-ethod  [51.  when  1.5  N  H2SO4  Is  used  only  the  Br  and  I'lons  are  oxidized,  while 
only  a.  small  proportion  of  ^he  Cl  Ions  are  oxidized.  ^npted  t^t  at 

of  .  the  outlmua  Concentrations  of  the  halides  then- 


TABIE  1- 

The  Effect  of  Sulfuric  Acid  Concentration  on  the  Reaction  Velocity  between 

Potassium  lodate  and  Sodium  Sulfite 


Results  for  the  measurement  of  the  Induction  period  for  different  add  con¬ 
centrations  are  given  In 'Table  1, 

By  a  comparison  of  the  Induction  periods  for  this  reaction  at  different  con¬ 
centrations  of  82804, -It  can  be  concluded  that  the  reaction  velocity  Is  linearly 
related  to  the  acid  concentration. 

Effect  of  the  lodate  Concentration.  Since  the  reaction  between  82803  and 
E2SO3  proceeds  according  to  the  equation 

5B2SO3  ♦  2BIO3  •  5B2BO4  ♦  I3  ♦  EsOf  ■ 


Expt,  1 

Cone,  of 

\  Induction  period  in  seconds 

No.  i 

H2BO4  in 
mole  /liter 

1 

2 

3 

Mean 

1 

0.50000 

6.8 

6.8 

■  6.7 

6.76 

2 

0.25000 

11.8 

11.7 

11.8 

11.76 

3 

0.12500 

20.6 

20.2 

20.5 

2O.I13 

U 

0.06250 

36.8 

36.8  . 

37.0 

36.87 

5 

0.05125 

68.8 

69.0 

68.8  . 

68.87  • 

It  follows  that  the  molar  latlo  of  sulfite  to  lodete  is  of  decisive  Importance  In 
this' case.  On  Increasing  this  latlo  no  Iodine  at  all  Is  evolved.  The  reaction 
will  proceed  only  for  such  changes  In  U»e  concentration  of  .reactants  for  which 
the  molar  ratio  of  sulfite  to  lodate  will  decrease.  This  means  that  there  are 
only  two  possibilities:  to  decrease  the  concentration  of  sulfite  for  a  constant 
lodate  concentration;  or  to  Increase  the  lodate  concentration  from  the  critical 
molar  ratio  for  a  constant  sulfite  ratio. 

In  Londolt' s  work  on  the  study  of  the  velocity  of  this  particular  reaction 
some  experimental  data  Is  given  on  this  question  which  is  of  Interest  to  us. 

This  author  In  his  study  of  the  law  of  mass  action  for  this  reaction,  ch.anged 
the  concentration  of  HIOs,  while  l.avlng  the  H2SO4  ccrcentretlon  constant  through¬ 
out. 


For  our  analytical  purposes  we  examined  the  relations  between  the  values 
of  the  HIO3  concentrations  In  Lrinuolt’ s  experiments  and  the  Induction  periods 
which  he  observed  for  the  respective  solutions.  Since  the  Induction  period  In 
a  given  case  Is  not  related  by  a  simple  expression  to  the  concentration  of  the 
HIO3,  In  our  calculations  we  used  a  method  proposed  previously  by  I«ikitin  In  his 
colorimetric  investigation  of  the  reaction  velocity  of  the  condensation  of 
carbonyl  compounds  [6].  Ke  used  the  equation: 

'  I*' 

where  h  Is  the  height  on  the  colorimeter  scale, l.e.,  the  reciprocal  of  the 
Intensity.  Having  established  the  value  of  the  index  n  for  the  reaction  he 
studied,  Nikitin  derived  the  corresponding  equations  for  calculating  the  re¬ 
quisite  concentrations. 

The  molar  concentrations  of  HIO3  (for  constant  concentration  of  H2SO4)  and 
the  values  of  the  respective  Induction  periods  from  Landolt* s  paper  are  repro¬ 
duced  in  Table  2.  In  addition  the  values  of  a  which  were  calculated  from  the. 
equation  heloy  are  given: 


£1 

*  C2 


■I)'- 


(2) 


from  which 


n*  ,  log  Cl  -  log  cg 
log  t2  -  log  ti 


O) 


TABI£  2 

Comparison  of  the  Induction  Periods  of  Solutions .with  Different  Concentrations 

of  HIO3 


Expt.  . 
No. 

Concentration  in 
mole  /liter *10^ 

Induction  period 
for  comparable 
solutions 

n  = 

_  log-fl-Z- 
log  t2  - 

''1 

C2 

ti 

t? 

1 

2.226 

3.558 

55.58 

28.36 

0.595 

2 

2.226 

U.45O 

55.98 

17.80 

0.604 

3 

2.226 

5.563 

55.98 

12.24 

0.602 

k 

2.226 

6.673 

,55.98 

9.08 

0.603 

5 

2.226 

7.783 

55.98 

7.07 

0.609 

6 

2.226 

8.893  , 

55.98 

5.55 

0.599 

Average 
value 
of  JB 


0.60 


Consequently  the  value  of  n  necessary  for  calculating  the  concentration  of 
HIO3  has  a  mean  of  ca.0.6  and  the  equatloris for  calculating  the  concentration  vlll 
therefore  be  of  the  form 


vhere  tg  Is  the  Induction  period  of  the  control  solution;  t^^  la  the  Induction 
period  of  the  test  solution. 


The  concentrations  of  HIO3  actually  used  by  Landolt  and  those  calculated  by 
means  of  the  above  equation  are  compared  In  Table  3# 


TABLE  3 


Accuracy  of  the  Determination  of  Concentrations  of  HIOs 


Expt. 

Ko. 

>tolar  cone,  of 

HIO3  taken 

Induction  period 

In  seconds 

Calculated 
cone,  of  HlOa 

relative 
Error  In 

1 

3.333 

28.36 

3.31*8 

+0.20 

2 

U.l*50 

17.18 

k.kl3 

-0.83 

3 

5.562 

12. 3^^ 

5.51*2 

“0.36 

k 

6.673 

9.08 

6.630 

-0,€h 

5 

7.783 

7.07 

7.705 

“1.00 

6 

8.893 

5.55 

8.906 

+0.15 

As  these  results  show,  the  concentrations  of  HIO3  calculated  by  means  of 
the  above  equation  are  very  close  to  the  actual  concentrations  of  the  solution; 
the  relative  error  varies  from  +0,3  to  — 1.  0^. 

In  ouj*  experiments  ve  varied  the  concentration  of  KIO3  while  keeping  the 
E25-04  concentrations  constant  at  0.023  H  and  the  Ka2S03  constant  at  0.01  M« 

The  values  of  the  Induction  periods  (the  reciprocals  of  the  reaction  velocity) 
In  the  reaction  mlxtues  of  KIO3,  Na2S03  and  ^2804  for  changes  of  KIO3  concentration 
at  20*  are  given  In  Table  k, 

TABLE  h 


Effect  of  tl^  Concentration  of  KIO3  on  the  Induction  Bsrlod  in  Mixtures  with 

Sulfite  In  the  Presence  of  Acid,  at  20* 


Expt. 

No. 

lodate  cone, 
in  mole  /liter 

Induction  Period  In  seconds 

1 

2 

3 

Mean 

1 

0.01800 

10.5 

10.4 

10.6 

10.5 

2 

0.01350 

14.2 

14.2 

14.2 

14.2 

3 

0.00900 

21.5 

21.2 

21.2  . 

•  21.3 

k 

0.00675 

29.5 

28.8 

29.8  • 

29.7 

5 

O.OOU5O 

46.5 

46.6 

46.2 

46.4 

results  for  the  determination  of  n  necessary  for  the  calculation  of  the  KIOj 
concentrations  are  given  In  Table  5»  *” 

This  table  shows  that  the  average  value  of  n  at  the  given  temperature  Is .. 
0.95*  Therefore  for  the  solutions  of  KIO3  in  Table  5  the  concentrations  can  be- 
calculated  by  means  of  the  equation  1  > 
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P*85 


The  results  of  these  calculations  are  given  In  Table  6, 
with  concentration  O.O18  M  was  used  as  the  control  solution. 


(5) 

A  KlOa  solution 


TABLE  5 

Comparison  of  Induction  Periods  for  Solutions  with  Different  Concentra\.lC*i^  of  KIO3 


Expt. 

No. 

Molar  concentration 
of  comparable  lodate 
solutions 

Induction  period 
for  comparable 
solutions 

■  S  « 

=»  log  Ci-  log  :C2 

Mean 
value 
of  J} 

log  t2  “  log  ti 

Cl 

C2 

_  ti 

t2 

1 

0.01800 

0.01550 

10.5 

14.2 

0.95 

2 

0.01800 

0.0090 

10.5 

21.3 

0.98 

0.95 

3 

0.01800 

0.00675 

10.5 

29.7 

0.94 

4 

0.01800 

0.00450 

10.5 

46.2 

0.93 

TABLE  6 

Accuracy  of  the  Determination  of  Concentrations  of  lodate 


Expt. 

No. 

.Molar  concentration 
of  XlOa  taken 

Induction  period 

In  seconds 

Calculated 

molar  cone. 
KIO^ 

Relative 
error,  it 

1 

0.01350 

14.2 

0.01352 

+0.15 

2 

0.00900 

21.3 

0.00919 

+2.U 

3 

0.00675 

29.7 

0.006704 

-0.74 

4 

0.00450 

46.4 

0.00440 

-2.22 

TABLE  7 

Reaction  Velocity  of  lodate  with  Sulfite  In  Acid  M'dla  In  Relation  to  the  Sulfite 

Concentration  at  20* 


Expt. 

No. 

Concentration 
of  sulfite  In 
nole/l  Iter 

1  Induction  period  In  seconds 

1 

2 

5 

Mean 

1 

0.00600 

51.2 

31.6 

31.8 

31.5 

2 

0.04500 

55.2 

34.8 

35.0 

35.0 

3  . 

0.00300 

40.2 

40.6 

40.0 

4o.e . 

4 

0.00225 

45.2 

45.2 

44.8 

45.1 

5 

0.00150 

52.6 

52.0 

52.2 

52.2 

Effect  of  Sulfite  Concentration.  A  0,006  M  solution  of  NasSOo  was  prepared 
as  the  base  solution  and  other  solutions  of  different  concentrations  prepared 
from  It  by  dilution. 

The  concentrations  of  the  H2S04  and  KIO3  solutions  vere  O.O5  and  0.004  Hr 
respectively.  The  method  adopted  vas  as  before  (equal  volumes  in  a  test  tube). 

The  Induction  periods  for  different  solutions  of  Na2S03  are  given  in 
Table  7>  vhlle  the  respective  values  of  n  used  in  the  equation  for  calculating 
the  Na2S03  concentrations  are  given  in  Table  8. 
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A  cocjrarlson  of  the  values  of  n  obtained  for  the  Na2S03  solutions  show  only 
a  esall  lev  lot  Ion  from  the  mean  value  of  2.76. 

The  concentrations  of  Na2S03  calculated  according  to  Equation  (6)  given  below, 
for  the  solutions  prepared  by  dilution  of  the  Na2S03  control  solution  are  given  In 
Table  9. 

TABIZ  8  . 


Comparison  of  the  Induction  Periods  for  Different  Sulfite  Concentrations 


mm 

Molar  cone,  of  com* 
parable  solutions 
of  sulfite 

Induction  period 
for  comparable 
sulfite  solutions 

3  - 

log  ta  -  log  tl 

Mean 

value 

of 

Cl 

C2 

tl 

ta  . .  . 

1 

O.OC6OO 

O.OOU5O 

31.5 

33.0 

2.727 

2 

0.00600 

0.00300 

31.3 

U0.2 

2.81*5 

2.76 

3 

0.00600 

0.00225 

31.5 

ItJ.X 

2.732 

k 

0.00600 

0.00130 

31.3 

32.2 

2.7i*V 

TABIZ  9 

Accuracy  of  the  Deteralr^itlon  of  Sulfite  Concentration's 


Expt. 

•  Ko. 

Molar  cone,  of 
’sulfite  taken 

Induction  period 

In  seconua 

Calculated 
cone,  of 

Bulflte 

Relative 

error. 

1 

0.001*50 

33.0 

0.001*1*85 

-0.33 

2 

0.00300 

1*0.2 

■  0.003060 

♦2.00 

3 

0.00225* 

1*5.1 

0.002230 

-0.89 

k 

0.00150 

$2.2 

0.0011*90 

•0.67 

All  these  results  show  that  the  chronoaetrlc  method  described  above  can  be 
used  to  determine  the  concentrations  of  lodate  and  sulfite  In  their  acidified 
reaction  mixtures  fairly  accurately*  V 

The  value  of  n  determined  for  substitution  In  the  equation  for  calculating 
the  concentrations  of  KIO3  and  Na2S03  can  of  course  be  changed  according  to  the 
conditions.  The  concentration  of  E2SO4,  the  molar  ratio  of  KIO3  to  Na2904,Bnd 
the  temperature  all  affect  the  value  of  n,  n  must  therefore  be  determined 
Independently  In  each  Individual  case,  by  using  two  control  solutions  of  the  salt 
to  be  determined,  the  concentration  of  one  of-  these  solutions  being  twice  that  of 
the  other. 

Let  the  concentration  of  control  solution  1  be  ci,  that  of  control  solution  2 
be  C2.  Then  from  Equation  (2)  the  value  of  n  Is  calculated  (see  Equation  3)*  By 
substituting  ci/2  for  ca  we  getj  ‘ 


and 


n  m 


log  t2  -  log  tl 


log  ta  -  log  tl 


(7) 

(?•) 


IS^ 


n  » 


If  the  value  of  n  derived  from  Equation  (7a)- is  substituted  in  Equation  (2) 
ve  finally  get  the  equation  for  calculating  the  concentration  of  the  salt  to  ^ 
determined. 


where  c  is  the  concentration  of  the  control  solution;  ti  the  induction  period  of 
the  control  solution  before  dilution  and  the  induction  period  of  the  same 
control  solution  after 'dilution  with  an  equal  volame  of  water;  tx  the  induction 
period  for  the  test  solution. 

The  methods  for  the  determination  of  concentration  of  additives  (different 
salts)  will  be  described  in  a  further  communication. 

SUK-iARY 

1.  The  reaction  velocity  between  KIO3  and  N02SO3  in  the  presence  of  H2S04 
has  been  studied  with  respect  to  the  H2SO4  concentration. 

2.  The  effect  of  the  concentrations  of  KIO3  and  1432^03  respectively  on  the 
induction  period  of  the  reaction  has  been  Investigated. 

3.  The  analytical  significance  of  this  reaction  for  the  chronometrlc  deter¬ 
mination  of  the  concentrations  of  KIO3  and  Ua2S03  in  their  reaction  mixtures  has 
been  pointed  out. 
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THE  INTERMEDIATE  I\)TENTIAL  JUMP  DURING  THE  POTENT lOMETRIC  TITRATION  OF  SOLUTIOIiS 
•  OF  ALUMINUM  SALTS  WITH  SODIUM  FLUOR HB 

.  Il  L.  Teodorovich 
Central  Aslan  State  University,  Tashkent 


When  solutions  of  alaixlnua  salts  are  titrated  with  NaF  a  szall  Intermediate 
potential  Jump  Is  observed  after  the  addition  of  from  ^-to  of  the  equivalent 
amount  of  NaF  solution.  This  phenomenon  has  not  been  theoretically  explained 
[l).  In  the  presence  of  this  Jump  Is  more  pronounced.  Palyak  [2]  noticed 

that  If  at  the  point  when  a  potential  Jump  Is  observed,  a  few  drops  of  very  dilute 
acid  are  added,  then  the  former  potential  Is  established,  while  subsequently  the 
potential  changes  more  rapidly  In  the  neighborhood  of  the  equivalence  point.  We 
have  made  it  our  aim  to  try  and  explain  this  phenomenon.  .  ... 

EXPERIMEmL- 

A  compensating  circuit  with  a  mirror  galvosometer  was  used  (2.4*10“'®  A/mm/M). 
A  platinum  ferro-ferrl  electrode  served  as  the  Indicator  while  a  saturated 
calomel  electrode  was  used  as  the  auxiliary  electrode. 

All  the  reagents  used  KA1(S04)2'1J?H20,  NaCl,  ethyl  alcohol,  FeCla^^  FeCli, 
and  quinhydrone  were  chemically  pure.  Chemically  pure  NaF  was  freed  from 
KasSlFo  by  Tananaev' s  method  [3l.  Firstly,  parallel  titratl  ns  were  made  of 
1*.85  ml  of  a  0.0332  M  solution  of  KAl (804)2  vith  O.IO73,  0.2146,  O.U291  M  solu¬ 
tions  of  HaF  respectively  In  an  aqueous-alcohol  medium  saturated  with  KaCl  and 
with  the  addition  of  a  s.mall  amount  of  FeCls  and  FeCla  (l).  The  KA1(S04)2  was 
standardized  by  potent iometric  titration  with  a  standard  solution  of  KaF. 

TABLE  1 


Position  of  the  Intermediate  potential  jump  during  titrations  with  NaF. 

4.85  ml  of  0.0332  H  KAl (804)2,  and  5  ml  CaHsOH,  4  g  KaCl  taken. 


Expt. 

No. 

Molarity 
of  NaF 
solution 

A 

NaF  solution  used  in  ml 

Ratio 

5 

D 

Up  to  the 
beginning 
of  the  In¬ 
termediate 
potential 
.lump  B 

Up  to  the  end 
of  the  inter¬ 
mediate 

potential  Jump 

C 

Diff. 

C  -  B 

For  all 
the 

titra¬ 

tion 

D 

1 

0.1073 

2 

3 

1 

8.90 

^1/3 

2 

0.2146 

1 

1.5 

0.5 

>*.55 

-^1/3 

3 

0.4291 

0.5 

-  0:8  • 

0.3 

2.25 

^1/3 

Results  given  in  Table  and  Fig.  l-show  that  the  appearance  of  the  Inter¬ 
mediate  potential  Jirnap  corresponds  In  all  cases  to  the  consumption  of  approxi¬ 
mately  equal  amounts  of  NaF  (ca.^  of  the  equivalent  wt.). 

It  Is  known  that  In  this  method  [1]  the  potential  jvmp  at  the  platinua 
FeCla  contains  some  Fe®'*'.-  .  .  . 


electrode  tovards  the  end  of  the  titration  ofter  the  quantitative  fonnatlon  of 

f  Fe^'*‘l 

AlFo",  Is  determined  by  the  sharp  decrease  In  the  ratio  »*  the  result  of 

the  formation  of  TeF^*;  the  latter  connot  be  formed  In  the  Initial  stages  of  the 
titration  vhen  a  large  amount  of  the  A1  Is  not  yet  combined.  Consequently  It  Is 
necessary  to  explain  the  intermediate  potential  fall  (Jump)  by  come  other  process, 
viz.  the  pH  change  as  shown  by  a  number  of  experiments.  This  was  confirmed  by 
titrating  of  the  A1  salt  with  a  solution  of  KaF  using’  a  qulnhydrone  electrode 
(without  addition  of  FeCla  and  FeCl3);  In  this  case  also  an  Intermediate  potential 
Jump  can  be  observed,  which  corresponds  to  the  pH^'  change  (Fig.  2  and  Table  2). 


TABI£  2 


Change  of  pH  during  the  titration  with  the  given  qulnhydrone  electrode. 

U.85  ml  of  0.031  M  XA1(S04)2,  5  ml  of  C2H5OH,  4  g  NaCl  taken.  Titration  carried 

out  with  0.1080  M  KaF 


Jhept. 

Ko. 

KaF  used 
in  ml 

E.M.F.  In 
Volta 

pH  of 
solution 

Cone,  of  (H^J 

In  g-lons /liter 

1 

0 

0.279^ 

2.95 

1.12-10"* 

2 

0.5 

0,2T^k 

3.02 

3 

1.0 

0.2684 

3.13 

4 

1.5 

0.259*^ 

3.28 

5.25*10*^ 

5 

2.0 

0.237*> 

3.65  • 

6 

2.3 

0.2284 

3.80 

7 

2.6 

0.2204 

1.15'10*^ 

8 

3.0 

0.2124 

4.07 

9 

3.5 

0.2064 

*».17 

10 

*^.5 

0.1974 

4.32 

• 

11 

5.5 

0.1908 

4.43 

• 

12 

6.5 

0.1804 

4.60 

• 

13 

7.0 

0.1743 

4.71 

14 

'  7.5* 

0.1644  *  • 

4.87 

1.35-10’* 

15 

8.0 

0.1474 

5.16 

. 

16 

8.2 

0.l4l4 

5.26 

• 

17 

8.3 

0.1044 

5.88 

18 

8.4 

0.0714 

6.43 

19 

■  8.5 

0.0567 

6.68 

2.09*10"'^ 

20 

8.6 

0.0479 

6.81 

21 

8.8 

0.0433 

6.91 

22 

9.3 

0.0442 

6.84 

23 

9.8 

0.0397 

6.97 

Kote:  Cone,  of  [ff*"]  la  assumed  to  be  the  same  as  the  activity  (t*  «  27.5*). 


Discussion  of  Results 

According  to  I.  V.  Tananaev  [4]  vhen  a  solution  of  KaF  Is  added  to  the  A1 
salt,  a  stepwise  reaction  takes  place* 

Al®*^  — ^  AIF^^ - ►  AlFa^ - ►  AIF3, 

or  more  fully:  AICI3  — ^  AIFCI2  - ►  ALFaCl - ►  AIF3. 

The  pH  value  was  calculated  as  usual  without  taking  Into  account  the  potential 
Jump  on  the  boundary,  water-water  alcohol,  and  the  possible  effects  of  Al*"^  on 
the  qulnhydrone. 


According  to  Greenberg  [5l  AIF3  Is  more  stable  than  AlCl3,and  simple 
Coulomb  forces  play  an  essential  part  In  the  stability  of  the  Internal  bonds.'  ’ 
This  fact  enables  one  to  calculate  approximately  the  energy  of  formation. 

(in  conventional  units  [6])  In  the  series: 

AlCl3^  -  AlFCla^^  -  AlFzCl^^^-  Alfa. 

This  calculation  confirms  the  Increasing  stability  of  the  coaiounds  In  the 
series  from  AICI3  to  AIF3  and  consequently  of  a  diminishing  tendency  to  hydrolyze 
The  three  stages  I,  II,  III  should  therefore  correspond  to  the  three  potential 


Fig.  2.  Titration  curve  for  ml 

of  0.031  M  KAl (504)2  with  0.1080  M 
KaF  using  a  quinhydrone  electrode. 


drops  (acidities),  the  value  of  which  Increases  from  I  to  III;  this  is  confirmed 
by  the  fora  of  the  titration  curves  (Figs  1  and  2)  and  by  the  experimental  results 
given  in  Table  3,  which  were  obtained  by  werking  out  the  figures  in  Table  2.  The 
potential  fall  in  stage  I  (total  final  product  AIFCI2)  cannot  be  sharp,  because  it 
is  smoothed  out  by  hydrolysis  of  AIFCI2,  the  potential  fall  in  stage  II  (final 
product  AIF2CI)  Is  steeper  because  it  is  not  smoothed  out  to  such  an  extent  by  the 
hydrolysis  of  AlFaCl  (this  hydrolyzes  less  easily  than  AIFCI2);  the  potential  fall 
in  the  final  stage,  stage  III  (final  product  AIF3  and  KasAlF©)  is  the  most  signi¬ 
ficant  because  there  is  practically  no  A1  compound  left,  the  hydrolysis  of  which 
could  to  some  extent  hinder  the  fall  of  acidity  of  the  solution. The  large 
section  (almost  horizontal)  of  the  curve  at  stage  III  is  explained  by  the  total 
formation  of  AIF3  and  NasAlFe. 

The  amount  of  KaF  which  corresponds  to  the  intermediate  potential  Jump  la 
approximately  of  the  equivalent  amount  of  NaF,  and  corresponds  to  the  formation 
of  A1F2^  (stage  II)  as  a  stage  In  the  total  reaction:  • 

(I  -  — *• 

In  this  way  the  Intermediate  potential  Jump  (or  fall)  during  titration  of 

^)  Of  course  In  the  presence  of  Fe^”**  and  Fc^**"  the  potential  should  drop  sharply 
as-  the  result  of  the  formation  of  FeF§". 

*)  As  suggested  by  Kh.  B.  Medlnshy. 


solutions  of  A1  salts  with  NaF  Is  explained  by  the  exhaustion  of  all  the  AlFCla 
(AlF^^  and  AlFCl^  Ions)  and  the  quantitative  formation  of  AIF2CI  (AlFa'*’  Ions). 
This  enables  one  to  explain  Rjlyak’ s  observation  [2]  that  the  addition  of  a  small 
amount  of  acid  at  the  moment  when  the  potential  Jump  Is  observed,  compensates 
the  lowering  of  acidity  at  this*  point,  l.e.  Increases  the  potential  of  the  platl* 
nua  electrode.  In  view  of  this,  the  formation  of  AlFi*  also  proceeds  at  a  higher 
potential,  while  the  Jump  ^  becomes  sharper,  because  there  la  a  smaller  amount 

of  acid  present  to  hinder  the  hydrolysis  of  FeCla  and  at  the  same  time  Increases 
the  concentration  of  Fe^  ,  which  determines  the  sharper  final  potential  Jump, 

The  Increase  In  the  sharpness  of  the  Intermediate  potential  Jump  In  the 
presence  of  ^^g^‘*’  can  be  explained  by  the  fact  that  MgCl2,e.g.,  Is  hydrolyzed  to 
a  greater  extent  than  MgF2  and  even  MgFCl,  so  that  according  to  the  amount  of 
F*  added  to  the  Mg^'*’,  the  pH  of  the  solution  should  Increase.^) 

TABLE  3 


Relative  fall  In  acidity  during  titration  of  KA1(S04)2  with  an  NaF  solution 


Index  Nos. 
of  points 
from  Table 

2 

Stage  of  the  reaction 
between  conre  spending 
points.  Graph  1 

*  1 

m 

1 

bV 

AICI3  -  AIFC12 

1.12*10-a  ^  , 

“  5.25-10-*  ■  2-^ 

1.5 

1.5  • 

>-7 

a;fci2  -  Air2Ci 

1,1 

k.l 

lU-19 

AIF2CI  -  AlFs 

2.09-10-7  * 

1 

*64.3 

Note.  ■  cHa  are  concentrations  corresponding  to  the  points  on  Graph  1; 

3V  Is  the  amount  in  ml  of  fluoride  solution  added  in  the  Interval  betweeil  point* 
on  Graph  1.  . 

The  practical  significance  of  this  Intermediate  i^otentlal  Jump  is  that  It* 
appearance  enables  one  to  foresee  the  position  of  the  final  titration  end  point, 
and  in  rapid  analysis  to  determine  approximately  the  amount  of  aluminum, 

SUMMARI 

1,  It  has  been  shown  that  the  form  of  the  curve  obtained  by  titrating  A1 

salts  with  liaT  using  a  ferrl-ferro  electrode  is  determined  by  the  potential  fall 
In  the  platinum  electrode  as  a  result  of  an  Increase  in  pH  and  a  decrease  of  the 
ratio  [Fe^  in  solution, 

2,  A  theoretical  explanation  is  advanced  for  the  titration  evurve  on  the' 

basis  of  the  Increase  in  stability  of  the  compounds  in  the  following  series  In 
going  from  left  to  right:  AICI3  — ^  AUCI2  - AIFe2Cl - ►  AIF3, 

3,  It  has  been  shown  that  the  intermediate  potential  Jump  (fall)  1* 
explained  by  the  formation  of  AIF2CI  (Air2‘*‘  ions), whereby  the  acidity  of  the 
solution  decreasetv  giving  rise  to  a  potential  ^all  on  the  platinum  electrode, 

pH  0,1  M  MgCl2  <  7  (7l  pH  of  saturated  MgFa  (0.013  g/lOO  g  solution)  >7  (B)« 
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U,  It  vas  found  that  the  position  of  the  Intermediate  potential  Jump 
on  the  titration  curve  enables  the  position  of  the  final  end  point  to  be  fore¬ 
cast  vhcn  solutions  of  A1  salts  are  titrated  with  NaF.  In  rapid  analysis 
therefore  the  amount  of  A1  can  be  estimated  approximately  by  titrating  only  as 
far  as  the  potential  Jump,  thereby  decreasing  the  titration  tlxae. 
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A  NEV.'  METHOD  OF  COr.t'TRUCTDJG  A  BLACKEN IWG  CURVE 
AND  ITS  USE  IN  X-RAY  CHEMICAL  ANALYSIS 


E.  E.  Vainshtein  and  N.  V.  Turanshaya 

Institute  for  Geochemistry  and  Analytical  Chemistry,  Acad,  Scl,  USSR  Moacov 


Quantitative  X-ray  spectral  analysis  using  photographic  registration 
assumes  a  knowledge  of  the  blackening  curve, which  have  been  constznicted 
either  by  one  of  the  methods  described  in  standard  text  books  [1,2)  or  by 
the  method  worked  out  recently  by  Frotopov  [3).  In  the  present  communication 
a  new  method  is  described  for  constructing  a  blackening  curve,  which  differs 
from  the  others  in  its  slmpli  *ty  and  its  convenience  for  use  in  quantitative  . 
X-ray  spectral  analysis,  Vo.  carried  out  In  our  laboratory  showed  that  by 
means  of  this  metliod  analysis  could  be  carried  out  more  rapidly  and  with  greater 
accuracy.  The  basic  idea  is  as  follows.  Any  method  of  constructing  a  blackening 
curve  is  based. on  the  comparison  of  two  series  of  numbers;  one  characterizing  the 
laws  of  the  changes  in  Intensity  of  ♦he  spectral  lines  and  the  other  composed  of 
the  values  for  blackening  which  correspond  to  each  of  the  points  of  the  first 
series.  The  only  essential  difference  between  the. other  methods  used  hitherto 
for  constructing  blackening  curves  is  in  the  manner  in  which  the  investigator 
Interprets  the  law  of  Intensity  changes  for  the  lines  used  in  constructing  the  . 
curve.  In  some  cases  this  is  achieved  by  regular  weakening  of  the  Initial 
intensity  of  the  lines  by  means  of  a  special  wedge  absorber,  while  In  others 
the  intensity  of  the  lines  are  left  unchanged  and  "intensity  marks*  are  super¬ 
imposed  on  the  spectrogram  by  varying  the  time  for  which  the  points  on  the 
spectrogram  are  illuminated. 

In  the  method  described  here  it  is  proposed  to  use  as  the  initial  intensity 
series,  values  which  correspond  to  individual  points  on  the  contours  of  the  X-ray 
spectral  lines,  particularly  those* which  are  symmetrical,  and  can  be  described  by 
a  dlspersLlon  formula.  Such  lines  [5l  e.g.  are  the  Kai,2  doublets  of  practically 
all  the  elements  the  atomic  numbers  of  which, Z,  are  greater  than  50, 

The  intensity  of  separate  points  within  the  limits  of  the  contours  of  each 
of  these  lines  is  related  to  the  width  of  the  lines  at  a  given  cross  section  by 
the  simple  equation  [5]s 


where  n  is  the  ratio  of  the  intensity  of  the  line  at  its  maximum  to  the  value  at 
some  '■.rbltrary  point  on  the  contour;  x  is  the  width  of  the  line  at  this  cross 
section  and  P  is. the  so-called  half  width.  The  applicability  of  (1)  to  different 
classes  of  X-ray  spectral  lines  was  verified  experimentally  and  was  used  for 
studying  the  form  of  the  ^  doublets  of  different  elements  forming  components 
of  chemical  compou*'ds  and  alloys  [5)*  It,  i.e.  (l)^  can  be  used  for  solving  the 

In  those  cases  [U]  where  construction  of  the  blackening  curve  in  an  explicit 
manner  is  essential  for  carrying  out  analyses,  it  is  necessary  to  use  a  number  of 
coefficients  obtained  empirically,  the  relation  of  which  to  the  content  of  the 
element  to  be  analyzed  is  determined  by  the  absence  of  proportionality  between  the 
blackening  of  the  lines  on  the  spectrogram  and  their  intensity. 


probleas  which  are  the  subjects  of  the  present  communication.  For  this  purpose 
ve  consider  those  changes  In  the  fora  of  the  aynunetrlcal  X-ray  apectral  line 
which  occur  during.  Its  registration  on  the  X-ray  plate.  To  each  point  of  the 
original  contour  napped  out  on  the  Intensity  scale  there  will  correspond  a  defi¬ 
nite  point  on  the  experimentally  registered  (on  the  blackening  scale) .profile  of 
the  spectral  line.  One  curve  Is  transformed  Into  the  other.  The  low  which 
governs  this  trans format Ion  Is  the  required  relation  between  blackening  and 
Intensity,  It  is  different  for  different  types  of  photographic  material.  la 
practice,  however  the  possibility  of  a  reverse  transforaatlon  from  the  known 
fora  of  the  line  on  the  blackening  scale  to  Its  contour  on  the  Intensity  scale 
la  important.  Such  a  transformation  can  be  easily  realized.  If  It  Is  taken 
Into  account  that  Independently  of  the  concrete  form  of  the  law  of  transformation 
of  one  curve  Into  the  other^^,  two  symmetrical  points  on  both  curves  (correspond¬ 
ing  to  one  value  of  the  blackening  or  Intensity)  should  remain  equidistant.  Thla 
er.ablea  one,  having  measured  the  width  of  the  line  at  any  given  section  of  the 
experimental  profile  (on  th.e  blackening  scale),  by  means  of  equation  (1)  to  find 
the  value  n  on  the  trvie  profile  of  th.e  line  (on  the  Intensity  scale)  which 
corresjponds  to  a  given  value  of  the  blackening. 

In  order  to  do  this  only  the  value  of  P  relating  to  the  true  profile  of 
the  spectral  line  Is  necessary. 

In  the  simplest  case,  when  the  splndoublet  la 
used  for  the  construction  of  the  blackening  curve, 
the  value  of  P  can  be  easily  determined.  In  view 
^  of  what  was  stated  above  It  should  be  equal  to  the 
•- .•tv>  width  of  the  experimental  line  Ka^,  measured  for  • 

U  •  ‘  y  blackening  value  on  Its  profile,  which  la  equal  to 

the  value  of  thje  blackening  at  the  maxlnua  for  line 
Kog,  The  Intensity  of  the  latter  line  la  known  to 
'b«  approximately  equal  to  half  of  the  Intensity  of 
Cj .  I  Kai.and  does  not  depend  on  the.  experimental  condl- 

.  ■'**  *Crv  ^  general  case  vhen  the  elnglat  llnea  are 

•  ^  ^  used,  the  experimental  determination  of  P  can  be 

t  ^  carried  out  by  means  of  measurements  made  on  llnea, 

!?  I  \  a  part  of  the  length  of  which  la  artificially,  weakened 

^  by  abaorptlon  In  an  aluminum  foil  of  an  arbitrary  but 

^  ^  known  thlcknesa. 

Thus,  to  each  arbitrarily  selected  value  of 
blackening  on  the  experimental  profile  of  Kai  llnea 
It  la  possible  to  assign  a  corresponding  Intensity  value,  expressed  on  an 
arbitrary  scale,  which  corresponds  to  the  Intensity  of  the  line  at  Its  maxlnuii 
(lo).  This  Is  the  required  relation  8  -  3  (I);  Its  form  should  not  depend  on 
the  chemical  nature  of  the  element,  the  line  of  which  la  aelected  for 

constructing  the  curve*'  for  the  compound  Into  whose  composition  the  element 
enters*).  Its  fora  should  also  be  Independent  of  the  apparatus  uaed. 


In  other  words  Independently  of  the  concrete  fora  of  the  required  relation 

•  fl(J). 

If  the  relation  between  the  photoactivity  of  the  X-raya  and  the  wave  length 
the  radiation  la  not  considered.  . 

If  the  symmetry  of  the  Kai,a  destroyed. 


In  order  to  uee  the  blackening  curve  constructed  by  the  method  described  above  It 
Is  convenient,  however  to  transform  It  Into  a  form  which  la  Independent  of  the 
selection  of  the  values  for  the  Initial  Intensity  -  Iq.  This  can  be  accomplished, 
if  Instead  of  the  curve  S  »  S(I)  a  curve  la  constructed  of log  I  against  the  ratio  . 
of  the  blackening  of  on  arbitrary  point  on  the  experimental  profile  of  the 
line  to  the  blackening  of  the  line  at  a  point  corresponding  to  Its  maximum. 

Both  these  values  are  determined  by  taking  Into  account  the  background  of  the 
spectrogram.  A  curve  of  this  type  which  was  obtained  for  a  Mark  XX  plate  Is 
represented  In  the  flgixre  (upper  portion).  It  was  constructed  on  the  basis  of 
a  large  namber  of  Independent  points  obtained  by  the  use  of  the  Kai,2  doublets 
of  Cu  and  Zn,  taken  with  a  Johann-Koshu  6X)ectrograph. 

By  laeans  of  the  curves  given  In  the  diagram  it  Is  possible  to  get  highly 
accurate  analyses  within  the  range  of  ratios  of  S/Sr  from  O.J  to  1.3.  The 
amount  of  the  element  used  for  comparison  In  the  sample  Ignited  should  be  chosen 
(as  shown  experimentally)  so  that  the  blackening  of  the  Kog  line  appears  to  lie 
within  the  limits  0.2  to  0.75.  When  this  Is  done  the  deviation  of  the  experimental 
points  from  the  curve  represented  In  the  diagram  Is  negligible.  Outside  the  range 
for  S/Sr  given  above,  the  extent  of  the  agreement  between  the  experimental  values 
of  J/Jo  and  the  values  determined  from  the  curve  decreases  and  appears  to  be 
dependent  on  . 

On  the  lower  part  of  the  diagram  graduation  ciirves  are  represented  idilch 
were  obtained  by  means  of  two  series  of  specially  prepared  synthetic  mixtures. 

In  which  the  content  of  the  element  to  be  determined  was  varied  while  the  con¬ 
tent  of  Zn  (the  element  used  for  comperlson)  was  kept  constant  at  20^  and  40^ 
respectively.  Comparison  of  the  upper  and  lower  curves  encbles  an  analysis  to 
be  carried  out  with  an  accuracy  of  not  less  than  of  the  actual  amount.  This 
is  done  by  measuring  the  blackening  of  the  corresponding  lines  of  the  element  to 
be  analyzed  and  the  blackening  of  the  naxlnua  of  the  Ko^  line  of  the  comparison 
element.  The  results  acrd  accuracy  of  the  analyses  when  this  method  is  adopted 
ere  practically  Independent  of  the  variation  in  exposure  time  and  the  working  con-  . 
dltloa  of  the  spectrograph  tube,  and  also  of  the.  variations  in  the  background 
of  the  spectrogram.  .  There  is  no  need  for  any  special  conditions  for  developing 
the  spectrograms.  At  the  same  time,  the  fact  that  within  the  wide  concectratiod 
range  of  the  element  to  be  analyzed  in  the  test  sample,  the  content  of  the  compari¬ 
son  element  can  remain  strictly  constant,  enables  one  automatically  to  take  into 
account  the  change  in  the  conditions  for  applying  the  substance  to  be  analyzed 
to  the  surface  of  the.  anticathode  of  the  X-ray  tube,  and  to  reduce  to  a  minimum 
the  detrimental  effect  of  this  factor  on  the  accuracy  of  the  analyses.  Thus  the 
comparison  element  used  la  our  experiments  also  plays  the  part  of  a  "fixing 
element”  so  that  differences  In  the  conditions  used  for  excitation  of  the  X-rays 
In  test  samples  which  cover  the  surface  of  the  focussing  spot  of  the  X-ray  tvibe 
differently,  need  not  be  taken  into  account. 

In  conclusion  It  can  be  stated  that  the  method  described  above^^  for  con-  •' 
structlng  a  blackening  curve  can  be  used  for  quantitative  analyses  and'  can  be 
applied  In  X-ray  structural  analyses  and  in  optical  and  other  fields  of  Investi¬ 
gation. 

P.ecelved  July  l4,  1951. 
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A  DISMOUTiTABLE  X-RAY  TUBE  WITH  A  REV-ERSE  RAY  PATH  FOR  X-RAY  SPECTRAL  ANALYSIS 
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Despite  the  numerous  merits  of  the  X-ray  spectral  method  of  analysis,  as  far 
as  Its  sensitivity  Is  concerned  It  cannot  compete  with  optical  methods  In  the 
majority  of  cases.  One  of  the  main  factors  which  lovers  the  sensitivity  of  X-ray 
chemical  analysis  Is  the  continuous  spectrum;  Its  presence  on  the  spectrogram 
during  analysis  of  samples  containing  small  amounts  of  the  element  to  be  deter¬ 
mined  often  makes  It  impossible  to  distinguish  the  lines  of  the  characteristic 
spectrum  on  such  a  background.  One  of  the  methods  therefore  of  Increasing  the 
sensitivity  of  the  X-ray  method  Is  to  weaken  the  continuous  background  as  much 
as  possible. 

The  most  radical  method  of  solving  the  problem,  whereby,  at  least  In  theory 
the  background  of  the  spectrogram  which  Is  determined  by  the  continuous  spectrum 
can  be  almost  completely  eliminated,  was  that  proposed  In  1936  by  Blokhin  [l]  and 
after  11  years  "rediscovered”  by  Holubel  and  Cauchols  [2].  This  method  is  based 
on  the  fact  that  In  contrast  to  the  characteristic  X-ray  radiation  which  Is  pro¬ 
pagated  in  all  direction  with  equal  intensity,  the  continuous  spectrum  which  In¬ 
terferes  In  X-ray  chemical  analyses  Is  polarized.  It  has,  as  many  investigators 
have  shown,  a  minimum  intensity  in  the  direction  of  the  retardation  of  the  cathode 
beam  which  excites  the  X-rays  and  amounts  to  not  more  than  15^  of  the  Intensity  of 
the  radiation,  measured  In  a  perpendicular  direction.  Therefore  if  the  X-rays 
are  directed  from  the  tube  In  the  direction  of  Impact  of  the  cathode  electrode 
beam,  then  theoretically  it  should  be  possible  to  separate  almost  completely  the 
characteristic  spectAua  from  the  continuous  one. 

In  spite  of  the  undoubted  merits  of  the  Idea  mentioned  above,  hitherto  not 
only  has  no  reliable  apparatus  based  on  this  idea  been  constructed  or  the  Idea 
accepted  in  practice  by  investigators  In  this  field,  but  It  has  not  even  been 
reliably  tested  experimentally  (as  far  as  can  be  Judged  from  literature  sources). 

We  are  aware  that  the  tube  constructed  by  Blokhin  is  not  Irreproachable. 

It  seemed  expedient  therefore  to  construct  an  experimental  model  with  a 
reverse  ray  path  and  to  study  its  merits  and  demerits  for  carrying  out  X-ray 
chemical  analyses  (vide  Fig.  1). 

-  The’  tube  is  mounted  on  the  base  of  an  RSK-i  X-ray  spectrograph.  The  casing 
Is  a  rectangular  brass  block  with  openings  for  anticathode,  high  vacuum  pump  and 
an  Lr-2  for  measuring  the  vacuum  and  a  slit  for  emmlsslon  of  the  X-rays.  The 
anticathode  was  fixed  on  a  porcelain  insulator  with  four  screw  clamps.  The  Insu¬ 
lator  on  the  conical  section  fixes  into  the  tube  casing.  The  cathode  is  prepared 
in  the  form  of  a  rectangular  cover  In  which  a  slit  Is  cut,  covered  with  an  alumlnvaa 
foil  20  JJL.  thick.  The  foil  which  separates  the  Internal  part  of  the  tube  from  the 
atmosphere  la  clamped  .to  the  .cathode  by  means  of  a  special  lamina  fitted  with  a 
thin  lead  gasket.  The  cathode  Is  clamped  with  four  bolts  fitted  with  rubber  gas¬ 
kets  to  the  tube  casing, while  the  filament  with  focussing  flanges  fixes  into  the 
slit  of  the  tube  casing.  A  straight  platinum  wire  0.3  mm  In  diameter  and  m 
long  was  covered  with  strontium  oxide.  By  using  conical  sections  and  threaded 


spindles  on  vhlch  the  flluaient  vlth  focussing  flanges  Is  mounted,  the  distance 
from  anticathode  to  filament  con  be  changed  under  high  vacuum  from  15-55  mm. 

The  tube  operates  at  its  optimum  when  the  distance  between  cathode  and  anticathode 
Is  kept  within  the  limits  of  17-20  mm.  The  cathode  and  the  tube  casing  were  not 
cooled  artlflcally,  because  although  Uu  tube  was  operated  for  2  hours  at  45  kV 
and  20  mA,  the  apparatus  only  heated  up  to  5-10*  more  than  the  surroundings. 


WCV« 


Fig.  1.  Schematic  features  of  the  X-ray  tube  Fig.  2  Relation  between  the  co- 
with  reverse  ray  path,  l)  cathode,  2)  flla-  efficient  K  and  wave  length, 
sent,  3)  slit  for  the  X-rays,  4)  tube  casing, 

5)  anticathode,  6)  porcelain  Insulator. 


After  constructing  the  tube  with  a  reverse  ray  path  its  performance  was 
compared  with  that  of  a  tube  of  normal  constiructlon.  In  order  to  do  this, 
spectrograms  were  taken  using  an  RSK-1  apparatus  with  thiC  normal  X-ray  tube  In 
addition  to  spectrograms  taken  with  the  new  tube.  The  working  ranges  of  both 
tubes  were  the  same  45  kV  at  20  mA.  The  exposure  time  was  varied  from  5-120 
minutes.  A  quartz  plate  cut’  along  the  surface  (lOlO)  and  bent  along  a  100 'em 
radius  was  used  as  the  reflecting  surface.  Ti»e  value  of  the.  working  part  of 
the  crystal  was  4  na  In  ell  cases.  The  focussdng  spot  on  both  apparatuses  was 
20-24  mm  long  and  5-6  mm  wide.  The  test  mixture, prepared  by  chemical  methods 
and  containing  oxides  of  Ta,  Nb,  As  and  Sn,was  smeared  6a  the  rifled  cathode  sur¬ 
face.  The  radiation  was  registered  by  means  of  a  two  sided  X-ray  plate  —  XX 
(Russian  make).  Photometric  measurements  of  the  plate  were  made  with  a  visual 
'■lF-2  photometer.  The  Integral  Intensity  of  the  lines  was  measxired. 

The  doublets  of  As  and  Kb  for  two  orders  of  reflections  were  chosen 

as  the  supporting  lines  for  the  comparative  study  of  the  two  X-ray  tubes.  The 
ratio  of  the  blackening  of  the  line  of  the  characteristic  spectrum  to  the  blacken¬ 
ing  of  the  continuous  background  In  the  wave  length  range  from  740  to  1490  Kb.E. 
that  corresponds  to  Woolf-Bragg  angles  of  5-10*. 

Average  results  for  test  runs  of  the  two  tubes  are  given  in  the  table 
below.  This  table  also  Includes  values  of  the  coefficient  K,  which  characterizes 
the  ratio  of  blackening  of  the  comparison  lines  obtained  with  the  two  tubes  to 
one  value  of  the  background. 

Fig.  2  shows  clearly  that  the  tube  with  the  reverse  ray  path  is  most  effective 
in  the  short  wave  and  low  reflection  angle  region. 

In  spite  of  the  limiting  simplicity  of  construction  of  the  experimental 
model  described  here  with  a  reverse  ray  path  and  the  snags  associated  with  such 
a  construction,  its  results  are  promising.  We  feel  confident  that  the  construction 
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f  of  a  more  powerful  and  \3etler  constructed  tube  and  the  subsequent  use  of  such  an 

Improved  model  In  X-ray  technique  [jJl  should  dt-monstratc  the  taerltc  of  this  method 
I  for  Increasing  the  sensitivity  of  the  X-ray  method  to  greater  advantage. 


Element 

Order  of 
reflection 

L _ s  rAif _ i 

K 

Normal  tube 

Tube  with  reverse 

ray  path 

NbKa^ 

I 

2.21 

5.67 

2.56 

AsKqj^ 

II 

6.97 

12.59 

1.80 

IJbXai 

II 

5.01 

4.67 

1.54 

In  conclusion  I  should  like  to  express  ay  thanks  to  E.  E.  Vainshtein  for 
proposing  this  scheme  of  work  and  for  his  help  in  its  fulfillment. 
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A  Streaming  Mercury  Cathode 

Mercury  cathodes  In  the  fora  of  a  Jet  are  used  for  preparative  purpoces  in 
electrochemistry,  for  prej^arlng  metal  amalgams  [  l]  for  the  electro-reduction  of 
organic  compounds  [2],  for  studying  the  mechanism  of  cation  discharge  [3]  and  in 
oscillographic  polarography  [4). 

The  Eet*-up  which  ve  have  cons  t  rue  te(^  which  includes  a  streaming  mercury  cathode^ 
Is  depicted  In  Fig,  1,  Chemically  pure  mercury  Is  contained  on  the  bottoms  of  the 
three  connected  vessels  1,2  and  3.^'  11  Is  connected  vis'll  tap  10  to  9;  9  can  be 

evacuated  by  means  of  a  water  Jet  pump,  connected  to  tube  5-  Mercury  from  the 


Fig.  1,  Set  up  for  streaming  mercury  cathode. 

I)  electrolyzer;  2)  partition  for  decomposi¬ 
tion  of  the  amalgam;  3)  nercury  receiver;  6) 
tube  for  leading  nercury  into  9;  7)T-plece 
with  valve  8  for  leading  In  nitrogen;  5) 
connecting  tube  to  water  pomp;  10)  tap; 

II)  bulb  for  passing  mercury  to  the  electro-, 
lyzer;  13)  capillary  tube;  15)  anode;  4) 
electrolytic  switch  for  electrode  compari¬ 
son. 


bottom  of  3  rises  In  tube  6  up  to  the  T-plece  Junction  at  7*  By  the  action  of  a 
stream  of  nitrogen,  sucked  through  valve  8,  the  mercury  column  In  tube  6  breaks 
up  Into  separate  parts  and  Is  sucked  Into  9*  After  filling  9  with  sufficient 
mercury,  the  vacuum  Is  switched  off  end  tap  10  Is  opened;  the  mercury  flows  In 
11  and  from  there  along  capillary  tube  13  In  a  Jet  Into  2  (the  electrolyzer). 


The  set-up  subsequently  works  automatically  by  switching  on  the  vacuum. 

The  amalgam  formed  by  cathodic  polarization  of  the  mercury  Jet  flows  from  1 
Into  2,  where  It  is  decomposed  by  means  of  acid  and  Is  mechanically  stirred 
with  a  glass  stirrer  l6.  The  nercury  goes  from  2  to  3#  from  which  It  again 
rises  Into  9/ etc. 

Thus  In  the  apparatus  described  the  same  nercury  Is  used  over  and  over  again 
for  obtaining  a  continuous  Jet  of  mercury,  '.'hlch  serves  as  a  cathode  for  an 
Indefinite  time.  _ 

For  methods  of  purifying  nercury  see  (5],' 


The  ne^jatlve  pole  of  the  current  uupply  cource  Is  connected  to  the  platinum 
contact  lU,  vhlle  the  platinum  anode  to  fixed  in  the  side  tube  15.  The  potential 
of  the  streemlnij  cathode  Is  measured  during  polarization  by  ref¬ 
erence  to  a  saturated  calomel  electrode  by  the  usual  compensating 
system.  The  distance  of  tlw?  end  of  the  electrolytic  switch  from 
the  mercury  surface  is  fixed  because  the  switch  and  the  capillary 
tube  13  are  fused  Into  the  cover. 

It  was  observed  that  with  Increasing  current  density  the  Jet 
does  not  remain  constant  but  Increases.  Under  the  action  of  the 
current  the  Jet  breaks  up  Into  small  drops,  the  place  at  which 
tl«  break  up  occurs  however  cannot  be  established  even  under 
strong  niagnlflcatlon.  In  some  essential  cases  (e.g.  for  calcu¬ 
lating  current  density)  the  lower  end  of  the  Jet  can  be  confined  . 
with  the  help  of  a  little  shaft,  fused  into  the  cell  wall  (Flg.2)H  • 

An  Apparatus  with  a  Renewable  Flat  Cathode 

Of  all  the  apparatuses  described  hitherto  which  have  a 
renewable  mercury  cathode  [5# 8], the  Hildebrand  cell  Is  the  most 
often  used  In  electroanalysis  [9].  Ve  found  that  during  the 
electrolysis  of  weak  solutions  of  metals  which  can  form  amal¬ 
gams,  this  apparatus  does  cow  always  ensure  good  results  In  the 
sense  that  the  separation  of  the  metal  Is  coiiplete  and  pure. 

This  can  be  explained  by  a)  an  Insufficient  ly  Intense  exch.ange  of  mercury  be¬ 
tween  the  two  separation  cells,  which  leads  to  a  change  in  the  deposition  po¬ 
tential  of  the  metal  as  the  result  of  an  increase  in  its  concentration  In  the 
amalgam  located  In  the  cathode  compartment;  b)  the  penetration  of  undecomposed- 
electrolyte  Into  the  compartment  xised  for  the  decompos'ition  of  the  amalgam. 

These  drawbacks  have  been  eliminated  In 
the  apparatus  depicted  In  Fig.  3«  The  mercury 
Is  locfted  at  the  bottom  of  the  two  vessels 
1,2  which  are  doubly  connected,  2  serves  as 
the  electrolyzer  in  which  the  mercury  on  the 
bottom  serves  as  a  cathode;  the  anode  Is  sep¬ 
arated  from  the  catholyte  by  a  jorous  dia¬ 
phragm  5»  VThen  the  stirrer  6  in  the  form  of 
a  corkscrew  is  rotated,  the  mercury  in  tube 
7  Is  pxmiped  up  Into  1,  In  which  its  level  be¬ 
comes  higher  than  that  In  2,  so  that  there  Is 
a  flow  from  1  into  2  via  8.  The  renewal  of 
the  cathode  surface  in  2  is  also  assisted  by 
stirrer  9  driven  by  the  motor  12  by  a  pulley 
attachment.  The  length  of  the  vertical  parts 
of  tubes  7  and  8  is  sufficient  to  hinder  the 
penetration  of  the  electrolyte  from  2  into 
1,  where  the  amalgam  is  decomposed.  The 
decomposition  velocity  of  the  amalgam  can 
be  increased  by  anodic  polarization  from 
an  Independent  D.C.  supply  (e.g.  a  dry  1.5- 
2  volt  battery);  a  platlnua-tln  electrode 
immersed  in  the  electrolyte  in  1  serves  as 
the  cathode  in  this  case. 


streaming  mercury  cathode  has  the  following  advantages  over  a  flat  cathodft 
a)  t.:e  possibility  of  polarizing  with  a  large  current  strength  without  appreciable 
heating  of  the  solution  as  a  result  of  Joule  heating  b)  lower  concentration  polari¬ 
zation  because  of  the  vigorous  stirring  of  the  solution  by  the  mercury  Jet  (7j* 


electrolyzer;  3)  platinum  con¬ 
tact;  4)  anode;  5)  porous  dla- 
phra^;  1)  compartment  for  de¬ 
composition  of  amalgam;  ^cork¬ 
screw  stirrer;  7-^5  tubes  for 
mercury  flow  and  amalgam;  $)  glass 
stirrer;  31)  electrolytic  switch; 
10)  standard  electrode;  12 -motor. 


Fig.  2 
Festrlctlon 
of  the  lover 
end  of  the 
Jet. 
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The  cathode  potential  Is  standardized  against  an  electrode  suitable  for 
any  particular  set  of  experimental  conditions.  A  suitable  form  Is  shown  in 

Fig.  3. 


Fig.  U.  Cell  for  polarographlc  analysis, 
l)  tube  on  a  rod  for  strengthening  the 
capillary  electrode.  2, 3,^) inlet  and 
outlet  tubes  for  h>'5rogen;  5)  electro¬ 
lytic  switch;  6)  outlet  tap  for  mercury; 
7)  water  Jacket 


Fig.  5.  Cell  for  potentlometrlc 
titration.  1)  working  volusae 
(constricted  pert);  2)  water 
Jacket;  8)  ground  glass  cover 
with  tubes;  U,6  inlet  and  out¬ 
let  tubes  for  nitrogen;  3) 
reference  electrode;  5)  el'JC- 
trolytlc  switch;  7)  nlcroburette. 


Fig.  6.  A  cell  for  pK  determination 
by  means  of  a  hydrogen  electrode. 
1,3)  Inlet  and  outlet  tubes*  for 
hydrogen;  2)  platinum  electrode; 

4)  saturated  calomel  electrode 


Apparatus  for  Polarographlc  and  Potentlometrlc  Analysis  1 

a)  A  cell  Is  shown  In  Fig.  4  which  can  be  used  foi*  polarographlc  analyses 
with  both  external  and  Internal  anodes.  In  the  latter  case  the  potential  of  the 
mercury  drop  is  measured  by  reference  to  a  saturated  calomel  (or  some  other 
reference  electrode)  by  means  of  the  electrolytic  switch  5-  Capillary  2  Is. 
fixed  on  to  a  rubber  cork,  which  Is  separated  adequately  from  the  solution  In 
the  cell.  This  separation  Is  Important  In  order  to  avoid  contamination  of>tbe 
solution  and  deformation  of  the  polarograph  wave  by  the  action  of  surface  active 
materials  [10].  The  cell  is.  thermostated  by  means  of  a  Jacket  fused  on  to  it,  . 
through  which  water  heated  to  the  required  tempenture  in  a  Eeppler  thermostat 
is  circulated. 
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b)  Kox-aally  for  potent lome trie  titration  In  nn  Inert  atmosphere  all  the 
details  ox‘c  mounted  on  the  cork  on  a  support  [111.  Such  a  method  la  extremely 
Inconvenient,  particularly  when  working  vith  very  small  volumes  of  solution, 
since  It  leads  to  accidents  to  some  of  the  parts,  and  also  to  contamination 
from  rubber  connections,  etc.,  when  working  vith  he6ted  solutlonx^  etc. 

An  apparatus  Is  depicted  in  Fig,  5  which  all  the  details  are  mounted  on 
a  ground  glass  cover.  1-2  ml  solution  can  be  dealt  with  In  the  constricted 
lower  part  of  the  cell.  In  order  to  measure  the  potential  accurately,  two 
platinum  electrodes  are  fixed  Into  the  cover,  from  the  readings  of  which  the 
average  values  are  taken. 

The  apparatus  Is  theraostated  in  the  same  way  as  described  In  apparatus  (a), 

c)  When  a  pH  Is  determined  by  means  of  a  hydrogen  electrode  (Fig. 6)  there 
is  no  need  to  thoimostat  the  apparatus  since  the  temperature  corrections  can  be 
calculated  from  a  well  known  foimiula  [12]. 

The  author  wishes  to  thank  G.  S.  Tyurlkov,  P.  N.  Phlel  and  I.  A.  Novlkor 
for  their  help  In  constructing  the  appyaratus. 

Becelved  October  21,  1950.. 

LITERATURE  CITSD 

[1]  Abbeg,  Kandbuch  der  anorg.  Chem.,  Bd.  11,  5/  5?9« 

[2]  M.  B.  Ifeuman,  A.  V.  Ryabov,  E.  N.  Sheyanova,  Proc.  Acad.  Scl.  68,  IO67 

[3]  M.  Loshkarev  and  0.  Esin,  J.  Feys.  Chem.  8,  ^10  (1930). 

[ii-]  J.  Eeyrovsky,  Discussions  of  the  Faraday  Society,  I7o,  1,  p.  212,  19^7» 

[5]  S.  Levina  and  V.  Zarlnsky.  J.  Phys.  Chem.  S,  5  (1937);  V,  Zarlnsky, 
Hydrogen  Overvoltage  on  the  Mercury  Cathode  and  the  Zeta-jpotentlal,  United  Sci. 
Tech.  Press,  Chief  Editor  of  Chem.  Lit.,  Moscov-Leningrad,  1937» 

[6]  B.  N.  Kabanov,  J.  Fhys.  Chem.  8,  U86  (1936). 

I7]  V.  6.  Levlch,  J.  Phys.  Chem.  8,  333  (19^^). 

[8]  J.  A.  Majcwell  and  K.  P.  Graham,  Chem,  Rev.  v.U6,  No.  3  (1950); 

V.  Gillebrand  and  G.  Lendel  ■Practical  Manual  on  Inorganic  Analysis*/  p.  128. 

[9]  A.  Klassen,  Electroanalysis,  United  Scl.  Tech.  Press  p,.  123. 

[10]  T.  A.  Kryukova,  J.  Phys.  Chem.  20,  No.  179  (19*^3). 

1 11]  L.  Mlchaells,  Botentlometry.  Physical  methods  of  Organic  Chemistry, 
part  II  ch.  27,  p.  1766,  1949. 

[12]  I.  M.  Kolthof  and  G.  A.  Laltlnen,  Determl.iatlon  of  Hydrogen  Ion 
Concentration  and  Electrotitration, .Moscow,  l^J,-  p.  121. 


OBITUARY 


VASILY  IVANOVICH  LISITSYN 

(1886-1952) 


Vasily  Ivanovich  Lisitsyn, an  analytical  chemist  who  was  manager  of  the 
Chealco-Analytlcal  Laboratory  of  the  All  Union  Institute  of  Mineral  Raw  Materials 
and  a  director  of  the  Geological  Service,  died  on  the  2nd  of  February  after  a  long 
and  grievous  Illness. 

The  Institute  has  lost  a  wans  personality  as  well  as  an  outstanding  specia¬ 
list  In  V.  I.  Lisitsyn,  while  the  Chemical  Sdclety  of  the  Union  has  lost  a  talented 
man  who  always  helped  those  who  turned  to  him  for  assistance. 

V.  I.  Lisitsyn  was  born  In  l886  of  a  peasant  family.  After  completing  a 
course  at  the  Classical  Gymnasium  In  1903  he  vent  to  Moscow  University. 

He  was  arrested  In  1906  for  his  revolutionary  activities  and  sentenced  to 
el^t  months  In  Jail.  In  spite  of  this  he  finished  bis  course  In  the  natural 
physlco -mathematical  faculty  of  the  University  with  honors;  his  outstanding 
capabilities  were  recognized  by  his  Professor  so  that  on  graduating  he  was  asked 
to  remain  at  the  University  in  N.  D.  Zelinsky's  department.  However  the  Tx*ustee8 
of  the  Moscow  Scholastic  circles  refused  his  candidature  because  of  his  political 
xinrellablllty. 

V.  I.  Lisitsyn  began  his  working  life  In  various  laboratories  In  Moscow, 
Leningrad  and  the  provinces.  Tuberculosis  of  the  lung^  however,  compelled  him 
In  1918  to  return  to  his  native  village  where  he  led  an  agricultural  artel 
until  1930. 

When  his  health  htd  improved,  Lisitsyn  entered  the  chemistry  laboratory  of 
the  All  Union  Institute  of  Mineral  P^w  Materials  (then  the  Institute  of  Applied 
Mineralogy)  in  1930.  After  accepting  the  leadership  of  this  laboratory  In 
1931,  he  remained  there  till  his  death. 

In  the  course  of  his  22  years  work  at  tnls  Institute  he  showed  superior 
capacities  as  a  talented  Investigator  and  organizer. 

The  laboratory  In  his  charge  is  rightly  regarded  as  one  of  the  best  analy¬ 
tical  la  Dora  tor  le«*.  In  our  country.  In  this  laboratory  the  most  Important  umpire 
analyses  ha^e  been  carried  out.  The  laboratory  fulfilled  a  large  amount  of  work 
on  the  preparation  of  standard  samples,  and  completed  considerable  research  work, 
side  by  side  with  a  vast  amount  of  Industrial  analyses.  In  this  laboratory, where 
Lisitsyn  could  combine  both  reset rch  and  Industrial  collectives,  more  than  50 
elements  were  determined. 

Lisitsyn  developed  exceptional  conditions  for  scientific  research  work,  and  . 
for  the  training  of  scientific  cadres.  His  co-workers  In  the  laboratory  published 
numerous  papers  In  scientific  literature  and  developed  a  large  number  of  various 
anal;'tlcal  methods.  l-Iany  of  his  co-workers  completed  and  defended  their  theses, 
and  several  of  them  subsequently  became  doctors  of  science  and  professors. 

In  a  review  article  devoted  to  the  achievements  of  Soviet  Science  for  the 
last  30  years,  the  laboratory  led  by  Lisitsyn  was  numbered  as  one  of  the  "out¬ 
standing  schools  of  analytical  chemistry  in  our  country,  a  center  of  scientific 
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thought  on  analytical  chemlatry"  (J,  Appl.  Chem,  20,  10^5  (19^7)* 

The  Bost  noteworthy  characteristic  of  Lisitsyn’s  activity  vas  his  unceasing 
care  for  the  development  of  laboratories  of  the  peripheral  geological  admlnlstra- 
tlonS|  and  the  training  of  cadres  of  young  specialists  In  these  laboratories. 

Workers  In  the  furthest  laboratories  of  the  geological  administrations  and 
6a  expeditions  vho  turned  to  Lls.Hsyn  always  received  the  closest  attention  to 
all  their  questions,  together  with  exhaustive  consultations  and  conradely 
support.  His  faultless  work  over  cany  years  In  the  service  of  our  Socialist 
coujitry  vas  highly  valued  by  the  Government.  He  received  Government  awards 
and  thanks. 

In  V.  I.  Lisitsyn  we  have  lost  a  warm  personality,  a  talented  analyst^  and 
a  considerate  and  skillful  leader. 

Everyone  who  met  Lisitsyn  while  he  vas  alive  will  cherish  his  memory. 


rmurt  rnatfsafts 


CRITICISM  AND  BIBLIOGRAPHY 


Yu.  S,  LyallXov,  "PHyslco-Chcaical  Methods  of  Analyses','  (A  Textbook  for 
I-k'tallurgical  Students  and  for  Students  of  Coke  Chemistry)  2nd  edition, 
revised  nnd  enlarged.  Met,  Press,  Moscow,  1951 »  508  pp.  with  Illustrations. 

10  roubles  95  kopecks  •.  . 

The  appearance  of  a  2nd  edition  of  Lyallkov's  textbook  Is  proof  of  Its  merits 
and  the  need  for  this  took,  la  which  all  the  more  or  less  widely  known  and  often 
used  physico-chemical  metheds  of  analyses  are  set  out  in  an  accessible  fora.  Al¬ 
though  the  book  Is  designed  as  a  textbook  for  metallurgical  and  coke -chemistry 
technical  schools,  it  can,  for  lack  of  a  more  fundamental  textbook,  sejrve  as  •  * 
hand  book  for  workers  In  factory  laboratories  and  for  students  In  chemistry 
colleges. 

Yu.  S.  Lyallkov, having  taken  Into  Consideration  all  the  obsex-vatlons  and 
wishes  regarding  the  1st  edition,  has  subjected  his  book  to  a  fundamental  re¬ 
vision  which  has  enhanced  Its  value  considerably.  It  Is  particularly  consoling 
to  observe  that  In  a  new  chapter  the  author  has  given  a  fairly  detailed  treat¬ 
ment  of  the  part  played  by  our  counli*y*s  scientists  In  the  development  of 
physico-chemical  methods  of  analyses  end  has  corrected  historical  errors  In 
relation  to  the  contribution  of  Russian  an‘1  Soviet  scientists  In  this  field. 

In  this  new  edition,  the  chapter  devoted  to  spectroscopic  analyses  has 
been  left  out  without  sufficient  reason.  If  the  elm  of  this  textbook  Is  to 
acquaint  students  with  fundamental  physico-chemical  method^  th,en  the  author 
should  either  thoroughly  correct  and  remodel  the  chapter  Indicated,  or  hand 
It  over  to  a  competent  specialist.  A  reference  to  the  effect  that  there. arc 
already  In  existence  or  that  there  are  specialist  textbooks  In  preparation  on 
spectroscopy  Is  unconvincing.  Other  chapters  could  be  included  with  equal  suc¬ 
cess.  ?-Jeanwhlle  spectroscopy,  as  one  of  the  most’  Important  and  valuable  physico¬ 
chemical  methods  of  analyses,  should  find  Its  rightful  place  In  any  textbook 
devoted  to  the  field  of  analytical  chemistry. 

At  the  end  of  each  of  the  eleven  chapters,  problems  and  questions  are 
Included  which  facilitate  the  utilization  of  the  material  set  out. 

General  lnforma^ion  and  the  principles  of  mathematical  and  graphical 
treatment  of  results  of  observation  are  set  out  la  the  Isi  chapter.  The  des¬ 
cription  of  the  graphical  treatment  of  results  Is  somewhat  shorter  than  In  the 
1st  edition.  This  cannot  be  Justified,  because  of  Its  Importance  to  students. 

The  second  chapter  Is  devoted  to  visual  colorimetry.  The  material  Is  set 
out  exhaustively  la  a  manner  readily  accessible  to  the  beginner.  Both  theoreti¬ 
cal  and  practical  questions  ere  treated  veil.  The  method  of  describing  the  ap¬ 
paratus,  Its  use,  and  the  selection  of  practical  work  Is  very  successful.  Un¬ 
fortunately  the  author  continues  In  this  new  edition  to  switch  his  terms  In  an 
arbitrary  fashlou;  e.g.  light  strength,  amount  of  light.  Intensity  of  light, 
ll^t  value,  etc. 

Ibe  theoretical  basis  and  practice  of  nephelometric  analysis  Is  given  In 
Chapter  IV.  There  are  no  essential  drawbacks.  It  Is  Incomprehensible,  however, 
how  In  {  2  In  the  dc.wCrlptlon  for  converting  the  normal  colorimeter  Into  a 
nej;^lcseter.  It  Is  possible  to  observe  by  means  of  an  eye  piece  a  ll£^t  beam 
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i5cattered  by  x)artlcle3,  vhen  the  author  rccoiiiniends  that  the  Immeraer  be  covered 
with  a  block  lacquer,  He.FJ*obably  means  that  only  tlie  aide  vails  of  the  Immerser 
should  be  covered  and  not  the  lover  surface. 

Oiapter  IV  Is  devoted  to  a  rather  full  discussion  of  the  theoretical  basis, 
the  apparatus,  and  the  teclmlquc  of  pho  toco  lor  Ime  try  In  a  vay  that  Indicates  • 
good  knovlcdge  of  the  material. 

There  ore  a  few  Inaccuracies  and  unclear  formulations,  e.g.  on  p.  273  It 
Is  stated  that  on  applying  a  certain  potential  to  two  plates  fixed  In  a  vacuum, 
a  current  does  not  flow  In  the  circuit  because  electrons  do  not  traverse  a  vacuum, 
and  further  on  Illuminating  the  cathode,  electrons  break  away  which  proceed  to  the 
anode  and  a  current  flows  In  the  circuit.  It  Is  pertinent  to  ri'^culate  on  the 
manner  In  which  the  electrons  move  In  a  vacuum  In  the  2nd  Ins  «•*.  ,  If  t?  the  author 

affirms  eorlle^  they  cannot  traverse  a  vacuum.  On  p.  It  i  ted  re  the  photo- 
element  with  an  Intemax  photofc*Ject:  "If  a  certain  potential  '  Terence  Is  pre¬ 
liminarily  applied  to  the  electrode*  while  the  author  has  In  m.  \  the  application 
of  the  potential  difference  to  the  two  electrodes.  The  applies: -ion  and  selection 
of  light  filters  Is  not  successfully  explained  (pp  86-87).  It  uld  not  be  amiss 
to  give  a  definition  of  lumen.  Here  again  ve  meet  with  the  pc-.- Hel  use  by  the 
author  of  the  term  Intensity  and  strength  of  light  for  one  and  '«  same  phenomenon. 
The  mathematical  relation  between  the  voltage  applied  to  the  llij,-*  -./urce  and  the 
strength  of  the  light  flow  Is  not  completely  accurately  forniuL-ted  on  p.  90*  This 
definition  does  not  correspond  fully  with  the  graphical  representation  of  this 
relation  given  there.  On  p.  100  In  a  description  of  the  prepar  m  of  solutions 
for  constinictlng  a  calibration  cuinre,  the  cuthor  having  dlssolvi  1  g  of  steel 
succeeds  somehow  or  other  In  adding  to  one  and  the  same  solution  5»  7«5«** 

25  nl  of  a  standard  solution  of  Ni,  and  prepares  a  series  of  sol;  ons  with  dif- 
ent  Concentrations  of  Kll  There  are  also  errors  In  answers  to  p*  lems,  e.g. - 
p.  102,  problem  2.,  etc. 

la  Chapter  V  the  author  deals,  with  the  refractometric  metho'*  .  analysis. 

The  amount  cf  Information  given  corresponds  to  the  practical  impc  ance  of  the 
method.  The  most  widely  used  apparatus  in  laboratory  practice  ht '  en  picked 
out,  together  with  theoretical  inf oimiat ion,  and  examples  are  glvt  'r  practical 
work  with  the  apparatus  described. 

The  derivation  -of  refractive  Index  and  the  formulation  of  this  concept  is 
not  clearly  expounded.  The  author  correctly  defines  the  refractive  Index  as  the 
ratio  of  the  sine  of  the  Incident  angle  to  the  angle  of  refraction  for  light 
passing  from  one  medium  into  another.  Further  on  however  he  states  in  a  ray 
of  light  passes  from  a  more  refracting  medium  into  a  vacuum  or  Into  r,  for 
which  the  refractive  index  Is  equal  tc  unity  etc.**,  of  coxirse  one  meCium  on  Itsown 
cannot  possess  a  refractive  Index.  Similarly  the  refractive  Index  in  formula 
(2)  cannot  be  deduced  from  equation  (1)  p.  105,  vhen  sine  3  Is  equal  to  unity. 

It  la  not  Indicated  In  Table  12  what  media  the  refractive  Indices  of  the  tabu¬ 
lated  substances  refer  to. 

The  polarometrlc  method  la  discussed  In  chapter  VI,  The  principle  cf  the 
method  Is  briefly  described,  together  with  the  fundamental  apparatus  and  tech¬ 
nique.  Unfortunately  on  p.  125,  where  the  equation  relating  the  specific  rota¬ 
tion  of  the  plane  of  polarization  la  given.  It  Is  not  clear  whether  the  sign 
denotes  a  minus  or  a  hyphen.  On  Fig,  86  the  ratio  between  di  and  djj  is  v^ongly 
expressed.  On  Fig.  89  the  column  16  Is  not  marked  etc. 

Electroanalysis  Is  considered  in  chapter  VII  which  la  one  of  the  mort 
reliable  ones.  Although  considerable  space  la  devoted  to  electrolysis,,  the 
exposition  Is  not  always  clear  and  eyatematlc,  and  In  some  Instances  suffers 
from  simplification,  e.g.  in  the  explanation  of  the  origin  of  electrode  poten¬ 
tials,  chemical  ^larlzatlon,  etc.  One  of  the  drawbacks  of  this  chapter  is 
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the  dlscusGlon  of  all  the  theoretical  bases  of  electrolysis  In  only  2U  pages,  In 
vhlch  ore  Included  discussion  of  normal  electrolysis.  Internal  electrolysis, 
overvoltage,  polarization,  and  practical  questions,  without  any  Indication  of 
the  relations  between  them.  The  way  In  which  this  chapter  has  been  compiled 
hinders  reading  and  use  of  the  material. 

Apparatus,  technique  and  practical  problems  are  described  thoroughly. 

Errors  noted  here  are  as  follows.  The  way  In  which  the  equation  of  the  dis¬ 
charge  of  FbOi*  to  give  IbOa  on  p.  153  gives  rise  to  doubts  as  to  whether  It 
is  the  Ion  or  the  molecule  IbOs.  There  Is  no  congruence  between  a 

statement  In  the  tcxtboolc  (p.  157)  to  the  effect  that  In  a  neutral  medium 
Em  <  Ec^  and  Eui  >  E^n  the  results  adduced  In  Table  19.  On  p.  I7I,  §  ^ 
as  the  first  practlc*)!  problem  It  is  suggested  that  Cu  and  Sn  can  be  determined 
by  electrolysis,  when  In  fact  It  should  be  R>  and  Cu. 

The  student  will  find  the  necessary  Information  In  chapter  VII  for  learning 
thx.  principles  of  conductometric  analysis.  It  Is  described  concisely  and  clearly. 
The  lamp  aethods  described  are  not  quite  so  accessible. 

Potent lometrlc  methods  are  the  subject  of  chapter  IX  -  it  occupies  most  space 
In  the  booh  despite  the  fact  that  the  basic  question  of  the  origin  of  electrode 
potentials  has  already  been  discussed  In  the  chapter  on  electroanalysis.  Here 
additional  Information  Is  given  on  the  development  of  the  oxidation-reduction  po¬ 
tential,  without  a  discussion  of  the  nechjinlsa  of  the  origin  of  these  potentials. 
All  the  four  types  of  reactions  which  are  used  In  potent lometrlc  analysis  are 
considered.  The  theoretical  and  practical  material  presented  In  this  chapter  Is 
fairly  comprehensive.  Different  types  of  electrodes  are  described,  together  with 
experimental  set  ups  and  apparatus  for  titration.  Unfortunately,  the  author  has 
nothing  to  say  about  potentiometers,  either  lamp  types  or  simple  ones, as  Issued  by 
the  MOSKIP  factory.  This  observation  applies  equally  to  photocolorimeters  —  mark 
FEK-M,  MOSKIP, etc.  Young  students  should  he  made  aware  of  Russian  apparatus  which 
Is  available. 

Chapter  IX  contains  the  greatest  number  of  mistakes,  misprints,  innaccuracles 
and  nebulous  formulations,  e.g.  In  tbje  formula  for  potentials  of  systems,  although 
factors  which  are  responsible  for  deviations  from  normal  potentials  are  Indicated, 
the  reasons  for  these  deviations  are  not  discussed.  The  derivation  of  the  poten¬ 
tial  at  the  equivalence  point  is  not  well  put.  It  is  not  at  all  clear  what  the 
author  means  by  the  Initial  concentrations  of  the  reaction  products.  The  state¬ 
ment  that  the  equilibrium  potential  of  an  oxidation -reduct Ion  system  Is  defined  as 
the  average  arltlmetlc  oxidation-reduction  potential  of  the  system  participating 
Is  Incorrect.  The  choice  of  the  term  "antimony  oxide  electrode**  Is  an  unfortunate 
one,  since  It  has  been  customary  to  use  the  term  "antimony  electrode"  for  a  long 
time.  On  p.  212, In  calculating  the  titration  potentials  of  silver  cyanide,  the 
minus  sign  Is  continuously  omitted.  On  p.  15^, the  level  of  the  liquid  In  the 
hydrogen  electrode  Is  Incorrect.  In  Table  28  it  Is  correctly  stated  that  the 
potential  of  the  antimony  electrode  depends  on  the  method  of  preparation;  but 
for  the  glass  electrode  a  mathematical  relation  Is  given  between  potential  and 
hydrogen  Ion  concentration.  Maybe  the  potential  of  the  glass  electrode  Is  a  con¬ 
stant  for  all  cases  and  Is  Independent  of  the  met^cd  of  manu’wcture  and  the  com¬ 
position  of  the  glass'.  I  It  Is  Incomprehensible  how  a  reverse  titration  of  Co^”*", 
Nl^'*',  (Table  29)  can  be  carried  .out,  by  means  of  a  silver  electrode,  with 

AgNOa  as  the  working  aolutlon.  In  the  graph  of  the  exchange  potentials,  normal 
potentials  of  the  systems  are  given;  these  concepts  are  heterodynamie.  Further 
it  Is  not  clear  how  it  Is  possible  to  titrate  pentavalent  vanadium  vith  perman¬ 
ganate,  cerium  sulfate  (IV)  and  chro!  turn  sulfate  (11).  Incidentally  the  ion 
V^*^  does  not  exist.  The  same  can  he  said  about  t^  Impossibility  of  titrating 
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iodides,  Ce(S04)2-lodate8,  CiSOi- bivalent  Fe, etc.,  with  TlCla.  Such  misprint* 
are  Inadmissible  In  a  textbook.  A  method  for  non-coinpensated  titration  up  to 
the  point  when  there  is  no  current  In  the  system.  Is  Incorrectly  described. 


because  nothing  Is  said  about  the  choice  of  suitable  reference  electrodes  for 
each  Individual  case. 

In  the  section  devoted  to  practical  work,  mistakes  crop  up  again, e.g.,  it 
Is  not  clear  why,  during  potentioaetrlc  titration  of  iron  with  dlchromate,  it  is 
essential  to  add  phosphoric  acid.  Tlie  method  described  for  the  titration  of 
iodides  with  silver  Ions  leads  to  large  errors  because  of  the  adsorption  of  io¬ 
dine  Ions  by  the  precipitate.  The  addition  of  barium  nitrate  is  recommended  in 
order  to  Increase  the  accuracy  and  stability  of  the  electrode  potentials.  The 
author's  suggestion  of  platinizing  platinum  electrodes  in  the  determination  of 
the  pH  of  a  solution  with  the  qulnhydrone  electrode  is  a  dubious  one.  Inciden¬ 
tally  platinlzatlon  is  not  described  correctly.  After  platlnizatlon,  the  elec¬ 
trode  in  sulfuric  acid  should  be  the  cathode  and  not  the  anode  as  the  author 
advises. 

The  best  chapter  is  chapter  10  which  is  devoted  to  polarography.  The 
author  also  considers  amperoaetrlc  titration, since  it  is  based  on  the  same 
principles.  This  chapter,  with  regard  to  its  lay  out  and  from  both  theoretical 
and  practical  aspects, is  the  most  successful,  and  does  not  call  for  any  com¬ 
ment  save  that  it  is  a  pity  the  rest  of  the  book  is  not  on  such  a  high  level. 

In  chapter  XI  the  thermoelectric  and  luminescence  methods  are  discussed, 
together  with  analyses  based  on  determination  of  the  surface  tension  of  solu¬ 
tions,  The  exposition  of  the  first  and  third  methods  is  strictly  schematic.  . 

The  luminescence  method  is  described  in  more  detail.  Students  should  be  able 
to  gain  sufficient  elementary  information  for  practical  application  of  the  method 

On  the  whole  it  nay  be  said  that  Yu,  S.  Lyallkov's  textbook  is  a  very  useful 
and  valuable  book  which  fills  a  serious  gap  in  Bussian  textbooks.  In  making  a 
first  attempt  at  describing  th.e  most  Important  physico-chemical  methods  of  ana¬ 
lysis  in  a  textbook,  the  author  naturally  could  not  avoid  making  a  number  of  nlw-  • 
takes  in  the  theory  and  in  its  practical  applications,  but  these  can  be  ea'slly 
corrected  in  future  editions,  •  • 

P.  K.  Agasyan. 
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